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The  cross-shore  distribution  of  longshore  sediment  transport  is 
investigated  through  the  distribution  of  sediment  impounded  against  a 
shore-perpendicular  barrier  over  short-term  intervals  in  field  and 
laboratory  environments.  For  each  field  experiment,  a  low-profile 
groyne  was  deployed  across  a  natural  beach  in  less  than  eight  hours  and 
profiles  near  the  groyne  were  repeatedly  surveyed  for  eight  to  twenty 
hours  thereafter.  For  each  laboratory  experiment,  a  low-profile  barrier 
was  installed  across  a  pre-equilibrated  fine  sand  model  beach,  and 
profile  changes  near  the  barrier  were  measured  after  five  to  forty 
minutes  of  regular,  obliquely-incident,  unidirectional  wave  action. 
Breaking  wave  angle,  and  longshore  current  and  wave  height  across  the 
surf  zone  were  also  measured.  The  effects  of  cross-shore  transport  and 
tidal  fluctuation  were  addressed  in  the  survey  data,  and  the  effective- 
ness of  the  barriers  as  impoundment  agents  is  discussed.  Local  down- 
drift  profile  changes  were  found  to  be  poor  indicators  of  the  local 
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updrift  impoundment.  In  general,  the  longshore  transport  profiles  were 
found  to  be  bimodal  with  peaks  just  landward  of  the  breakpoint  and  near 
the  shoreline;  the  relative  significance  of  the  longshore  transport 
shifted  from  the  near-breakpoint  peak  to  the  near-shoreline  peak  as  the 
wave  condition  varied  from  spilling  to  collapsing  breakers.  Alternately 
stated,  the  longshore  transport  distribution  appeared  strongly  beach 
profile  dependent,  as  transport  was  most  pronounced  over  local  regions 
of  high  bed  steepness.  Between  10%  and  30%  of  the  total  longshore 
transport  was  observed  seaward  of  the  breakpoint  for  all  cases.  Long- 
shore transport  in  the  swash  zone  represented  at  least  5%  to  60%  of  the 
total  transport,  where  the  largest  swash  contributions  were  associated 
with  plunging/collapsing  and  collapsing  surf  conditions.  A  simple  model 
is  proposed  to  describe  the  normalized  longshore  transport  distribution 
across  the  swash  and  surf  zone  as  a  function  of  the  local  longshore 
current,  beach  slope,  and  dissipation  of  wave  energy  per  unit  surf 
volume.  The  set-up,  longshore  current,  and  longshore  transport  are 
described  for  an  equilibrium  beach  profile  which  is  finite-sloped  at  the 
shoreline.  The  shoreward  convection  of  longshore  current  by  wave  mass 
transport  is  also  discussed  in  relation  to  the  longshore  transport 
distribution. 


CHAPTER  1 
INTRODUCTION 

Even  the  most  casual  beach  observer  will  note  that  sediments  do  not 
move  only  on  and  off  the  beach,  but  along  it  as  well.  The  movement  of 
sand  or  other  beach  material  along  the  shore  is  termed  "longshore 
sediment  transport,"  or  "littoral  drift."  Considerable  effort  has  been 
directed  towards  qualitative  and  quantitative  descriptions  of  longshore 
sediment  transport  because  it  plays  a  significant  role  in  the  process  of 
shoreline  response  to  waves  and  currents.  Although  some  progress  has 
been  made  in  the  determination  and  prediction  of  total  longshore 
sediment  transport,  the  question  of  where  the  transport  takes  place  on 
the  beach  remains  essentially  unanswered.  Knowledge  of  the  distribution 
of  longshore  sediment  transport  across  the  surf  zone  is  central  to  the 
effective  design  of  groynes,  jetties,  and  especially  weirs,  and  to  the 
appropriate  planning  of  pipeline  landfalls  and  trenching  across  the  surf 
zone.  In  addition,  insight  to  the  distribution  of  longshore  transport 
aids  in  understanding  spit  development,  the  migration  of  prominent 
natural  or  artifically  placed  shoreline  features,  and  perhaps  the 
mechanism  of  the  longshore  transport  process  as  a  whole.  Finally,  a 
parameterized  description  of  the  distributed  longshore  transport  is  an 
integral  part  of  any  complete  three-dimensional  model  of  littoral 
processes  which  the  coastal  geology  and  engineering  communities  strive 
to  develop. 
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From  existing  predictive  models,  it  is  generally  thought  that  the 
maximum  longshore  transport  occurs  in  the  seaward-half  of  the  surf  zone 
and  that  transport  vanishes  towards  the  shoreline  (see  next  chapter). 
None  of  the  models  effectively  treat  longshore  transport  above  the 
shoreline  (i.e.,  in  the  swash  zone).  Some  of  the  models  are  discontinu- 
ous at  the  breaker  line,  while  some  predict  small  contributions  to  the 
transport  outside  of  the  breaker  line.  Available  data  indicate  that 
maximum  longshore  transport  occurs  in  the  landward-half  of  the  surf  zone 
at  least  as  often  or  more  often  than  in  the  seaward-half,  and  that  sig- 
nificant levels  of  transport  occur  at  or  above  the  shoreline.  Generally 
less  than  a  third  of  the  total  transport  is  observed  to  occur  outside  of 
the  breaker  line.  Few  of  the  transport  models  explicitly  or  effectively 
describe  the  effect  of  the  dynamic  nature  of  the  beach  or  breaking  wave 
characteristics  upon  the  longshore  transport — whereas  the  data  suggest 
that  these  two  parameters  may  be  of  importance  to  longshore  transport 
processes. 

The  present  study  represents  an  attempt  to  gain  additional  insight 
to  the  cross-shore  distribution  of  longshore  sediment  transport.  The 
study  relies  upon  a  "short-term  sediment  impoundment"  experimental 
technique  which  was  developed  and  applied  by  the  author  in  both  field 
and  laboratory  environments.  The  technique  involves  the  rapid  deploy- 
ment of  a  shore-perpendicular  barrier  on  an  initially  undisturbed 
beach.  Beach  profile  changes  in  the  vicinity  of  the  barrier  are  repeat- 
edly surveyed  as  longshore  sediment  transport  is  impounded  against  the 
barrier.  Surf  zone  wave  heights  and  currents  are  simultaneously  moni- 
tored. The  measured  beach  profile  changes  are  evaluated  for  cross-shore 
and  longshore  components  of  sediment  transport  along  particular  depth 


3 
contours  (where  an  adjustment  for  tidal  fluctuation  is  made  when 
necessary).  Ideally,  after  removal  of  the  cross-shore  transport  sig- 
nals, the  average  longshore  transport  rate  between  surveys  along  each 
particular  depth  contour  of  interest  can  then  be  established.  If  bypas- 
sing of  the  barrier  occurs,  then  at  least  the  significance  of  the  long- 
shore transport  along  any  particular  depth  contour  can  be  established 
relative  to  the  other  depth  contours.  In  either  case,  the  shape  of  the 
longshore  transport  distribution  across  shore  can  be  achieved.  The 
experimental  technique  is  termed  "short-term"  because  the  impoundment- 
related  beach  profile  changes  are  surveyed  with  the  same  time  scale  as 
the  directional  wave  event  associated  with  the  longshore  transport 
impoundment.  Such  an  event  may  be  thought  of  as  a  condition  of  quasi- 
steady  "longshore  wave  energy  flux"  or  longshore  radiation  stress,  for 
example.  Alternately,  the  beach  profile  changes  are  surveyed  with  the 
same  time  scale  of  local  beach  geomorphologic  changes.  That  is,  profile 
changes  are  surveyed  only  over  the  time  for  which  the  undisturbed  beach 
profiles  are  quasi-steady  and/or  for  which  the  sediment  impoundment  is 
not  so  large  that  severe  bypassing  and  cross-shore  smearing  of  the 
impoundment  occurs.  Thus,  the  "short-term"  impoundment  approach  allows 
one  to  correlate  specific  directional  wave  events  and  beach  morphologies 
to  the  related  longshore  transport  distribution. 

Previous  impoundment  (or  deposition)  techniques  have  been  generally 
"long-term"  in  character  (Johnson,  1952;  Bruno  and  Gable,  1976;  Bruno  et 
al.,  1980;  Dean  et  al.  ,  1982).  In  these  studies,  weekly  or  monthly 
surveys  of  the  impoundment  (or  deposition)  of  sediment  against  a  barrier 
or  in  a  basin  were  compared  to  integrated  hourly  or  daily  wave  data  such 
that  estimates  of  the  longshore  transport  rate  could  not  be  correlated 
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to  specific  wave  or  beach  conditions.   Furthermore,  the  action  of  many 
varied  tidal  and  cross-shore  processes  smeared  the  distribution  of  the 
impoundment  (or  deposition)  of  sediment  and  therefore  obscured  the 
distribution  of  the  longshore  transport. 

In  the  present  study,  four  separate  short-term  impoundment  experi- 
ments were  executed  on  the  sandy  Atlantic-coast  beach  of  Duck,  North 
Carolina,  during  the  summer  of  1984.  For  each  experiment,  a  shore- 
perpendicular  sand  bag  groyne  was  rapidly  constructed  over  an  eight  hour 
period  and  the  subsequent  sediment  impoundment  against  the  groyne  was 
surveyed  over  an  eight  to  twenty  hour  period  thereafter.  Each  experi- 
ment was  conducted  during  a  quasi-steady,  relatively  low-energy  direc- 
tional wave  event.  Short-term  impoundment  experiments  were  then 
executed  on  a  fine  sand  beach  with  regular  waves  in  the  laboratory  in 
order  to  gain  better  understanding  of  the  field  results  and  the 
variation  of  the  distributed  longshore  sediment  transport  profile  with 
varying  surf  conditions. 

Owing  to  the  unknown  trapping  integrity  of  the  barriers  constructed 
in  the  field  and  the  poorly  understood  scaling  relationships  between 
models  and  the  prototype,  the  intent  of  this  investigation  is  not  to 
present  absolute  magnitudes  of  total  or  distributed  longshore  trans- 
port. Instead,  this  investigation  emphasizes  the  relative  contribution 
of  local  longshore  transport  to  the  total  transport;  that  is,  its  intent 
is  to  present  a  normalized  description  of  the  distribution  of  longshore 
transport  across  the  surf  zone  as  a  function  of  beach  and  surf  condi- 
tions. In  so  doing,  insight  is  gained  to  the  mechanisms  and  signifi- 
cance of  various  beach  and  surf  conditions  on  the  total  longshore 
sediment  transport. 
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The  following  chapter  of  this  paper  highlights  the  existing  total 
longshore  sediment  transport  literature  and  presents  a  state  of  the  art 
review  of  the  predictive  models  and  data  base  for  the  distribution  of 
longshore  transport  across  the  surf  zone.   Chapter  3  describes  the  field 
impoundment  experiments.   Chapter  4  details  the  tidal  and  cross-shore 
deconvolution  techniques  which  were  developed  to  analyze  the  field  data 
(and  to  some  extent,  the  laboratory  data).   Chapter  5  presents  the  long- 
shore sediment  transport  distributions  developed  from  the  field  data 
using  the  deconvolution  methodologies  described  in  Chapter  4.   Addition- 
ally, a  preliminary  discussion  of  the  quality  of  the  field  data  is 
offered  in  Chapter  5.   Chapter  6  describes  the  model  and  experimental 
procedure  utilized  for  the  laboratory  study.   Chapter  7  presents  the 
longshore  transport  distributions  developed  from  the  laboratory  experi- 
ments for  five  different  types  of  breaking  wave  conditions  (collapsing 
through  spilling),  including  the  scaled  field  conditions.   The  effects 
of  tidal  fluctuation,  groyne  profile,  and  the  impoundment  duration— as 
determined  from  the  laboratory  experiments — are  also  discussed  in  this 
chapter.   In  Chapter  8,  several  existing  and  alternate  models  are  tested 
for  agreement  with  the  experimentally  determined  (normalized)  longshore 
transport  distribution  profiles.    Some  considerations  of  non-linear 
effects  are  also  discussed.   A  simple  relation  (employing  linear  theory) 
is  proposed  as  the  best  engineering  model  to  describe  the  normalized 
longshore  transport  distribution  across  the  surf  zone.   In  Chapter  9  is 
presented   the  normalized   longshore   current  and  longshore  transport 
distribution  profiles  for  a  non-singular  equilibrium  beach  profile  (that 
is,  a  profile  composed  of  a  planar  foreshore  matched  to  a  concave-up 
profile).   Summary  and  conclusions  are  presented  in  Chapter  10. 


CHAPTER  2 

REVIEW  OF  LONGSHORE  SEDIMENT  TRANSPORT 

RELATIONSHIPS  AND  CROSS-SHORE 

DISTRIBUTION  DATA 


2. 1   Fundamental  Expressions  for  Total  Longshore 
Sediment  Transport 

Reviews  of  the  total  longshore  sediment  transport  field  and  labora- 
tory data  base  may  be  found  in  Savage  (1962),  Das  (1971),  King  (1972), 
Greer  and  Madsen  (1978),  Walton  and  Chiu  (1979),  Bruno,  Dean,  and  Gable 
(1980),  and  Hallermeier  (1982).  Sayao  and  Kamphuis  (1983)  offer  a 
review  of  total  longshore  transport  relationships,  several  of  which  are 
intercompared  in  Bakker  (1970),  van  de  Graaf  and  van  Overeem  (1979),  and 
Swart  and  Fleming  (1980).  The  intent  of  the  following  pages  is  to 
highlight  several  existing  total  longshore  transport  equations  so  as  to 
identify  surf  and  beach  parameters  which  may  be  of  importance  to  the 
investigation  of  the  distributed  longshore  transport. 

The  early  laboratory  work  of  Krumbein  (1944),  and  field  work  of 
Watts  (1953)  and  Caldwell  (1956)  suggested  the  following  relationship 
between  the  total  longshore  sediment  volumetric  transport  rate  Q^,  and 
the  so-called  longshore  wave  energy  flux  factor  P„, 


\    =  Kq  P*  (2.1) 

where  K  is  a  dimensional  "constant,"  and 

P„  =  E  C   sina  cosa  (2.2) 


7 
In  Eq.  (2.2),  a  is  the  angle  between  the  wave  crest  and  the  shoreline, 
and  E  is  the  wave  energy  density, 
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E  =  o-  Pg  H  (2.3) 


where  p  is  the  density  of  the  fluid,  g  is  the  acceleration  due  to 
gravity,  and  H  is  the  root  mean  square  (rms)  wave  height.  The  wave 
group  celerity  C  is  related  to  the  wave  (phase)  celerity  C,  by 


g       1  (.    J    2kh   •> 
C  =n  =2  C1  +sinh2kh^  <2'4> 


In  Eq.  (2.1),  the  value  of  P^  is  typically  evaluated  at  the  breakpoint 
such  that  P£  is  more  completely  written  as  P£b.  Throughout  this  paper, 
the  subscript  b  denotes  quantities  evaluated  at  the  wave  breakpoint. 

Inman  and  Bagnold   (1963)   expressed  Eq.   (2.1)   in  terms  of  an 
immersed  weight  longshore  sediment  transport  rate  I»,  where 

lSL   =  (ps  "  P)  g  a'  qi  (2-5> 

and  where  pg  is  the  density  of  the  sediment,  and  a'  is  the  ratio  of  sand 
grain  volume  without  voids  to  total  volume  with  voids.  Equation  (2.1) 
is  then  written 

h   =  K  P*b  (2-6) 

where  K  is  a  dimensionless  constant.  Equation  (2.6),  in  various  forms, 
is  referred  to  as  the  "CERC  Formula."   This  equation  is  widely  accepted 


and  applied  (primarily  because  of  its  simplicity)  despite  its  empirical 
nature  and  the  uncertainty  associated  with  the  value  of  the  constant  of 
proportionality,  K.  Since  the  introduction  of  this  expression,  the 
recommended  value  of  K  has  varied  by  a  factor  of  four  (Inraan,  1978). 
Based  upon  the  range  of  values  found  for  K  from  field  studies,  Dean 
(1978)  estimates  that  total  longshore  drift  can  be  predicted  to  within 
-67%  to  +200%  error.  At  present,  the  recommended  value  of  K  is  0.78 
(CERC,  1984).  Figure  2-1  illustrates  most  of  the  total  longshore  trans- 
port field  data  base  compared  with  the  recommended  relationship. 
Laboratory  results  (not  shown)  suggest  K  values  much  less  than  0.78. 
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Figure  2-1:   Comparison  of  total  longshore  sediment  transport  field  data 
with  the  CERC  Formula. 
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Longuet-Higgins  (1972)  pointed  out  that  the  parameter  P&  described 
above  is  not  the  longshore  component  of  energy  flux,  and,  in  fact,  has 
no  obvious  physical  meaning.   He  re-expressed  P£  as  the  product  of  two 
"physically  meaningful"  quantities, 


C 
?z  -   (E  -j^  cosa  sina)  C  =  S  C  (2.7) 


where  Sxy  is  the  depth-  and  time-averaged  alongshore  momentum  flux  in 
the  onshore  direction  per  unit  longshore  distance,  or  longshore  radia- 
tion stress,  for  short.   At  the  break  point, 

hb  -  Vb  (2-8> 

where  Sxy  can  be  calculated  anywhere  outside  the  breaker  line  for  a 
coastline  with  straight  and  parallel  depth  contours  if  there  is  no  wave 
energy  dissipation  outside  the  breaker  line.  From  Eq.  (2.8)  above,  the 
CERC  Formula  (Eq.  2.6)  may  be  expressed 

h   =  K  SxyCb  (2-9) 

or,  alternately, 

h   =  K*  Sxy  (2.10) 

where  K*  is  a  constant  with  dimensions  of  length  per  time.  Vitale 
(1981)  indicates  that  Eqs.  (2.6)  and  (2.10)  are  equally  good  (or  equally 
poor)  indicators  of  total  longshore  sediment  transport.  The  field  data 
of  Bruno  et  al.  (1980)  indicate  that  Eq.  (2.10)  is  a  slightly  better 
predictor  of  total  longshore  transport  than  Eq.  (2.6). 
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Inman  and  Bagnold  (1963)  and  Koniar  and  Inman  (1970)  presented  an 
alternative  to  the  empirical  CERC  Formula  based  upon  the  "energetics" 
approach  of  Bagnold  (1963): 


It  -  K'  (E  C)b(^S-)b  V,  «.1» 


where  K'  is  a  dimensionless  constant  of  proportionality,  u  is  the 
maximum  near-bottom  horizontal  orbital  velocity,  and  V  is  the  average 
longshore  current.  The  subscript  b  refers  to  the  breaking  position,  as 
usual.  The  terms  in  parentheses  represent  the  mean  wave  force  applied 
to  the  bed  which  mobilizes  sediment  for  longshore  transport  by  the 
current  V  .  An  advantage  of  this  model  is  that  the  source  of  V  is 
unspecified.  Komar  and  Inman  (1970)  found  K'=0.28  based  upon  field 
measurements  of  longshore  transport  and  current.  In  the  absence  of 
measured  longshore  current,  V  is  often  approximated  by  the  planar 
beach  expression: 


*£-l£Cuot£>    Sln2ab  <2'12> 


after  Longuet-Higgins  (1970),  where  C^  is  a  bed  friction  factor,  and  m 
is  the  beach  slope  (rise  over  run).  Substitution  of  Eq.  (2.12)  into 
(2.11)  yields 


I£  =  K"  (E  C  n)b  cosctb  -^-     sin2ab  (2.13) 


Komar  (1971)  suggests  that  m  cosab/Cf  is  a  constant.   If  so,  then  Eq. 
(2.13)  reduces  to  the  CERC  Formula,  where 
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c   m  cosa, 
_  v,    5ir  b 


K  =  K 
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(2.14) 


Comparison  of  field  data  with  Eq.  (2.11)  is  shown  in  Figure  2-2. 
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Figure  2-2:   Comparison  of  total  longshore  sediment  transport  field  data 
with  the  "energetics"  model. 


Several  investigators  have  suggested  that  the  constants  of  propor- 
tionality, K  and  K*  in  Eqs.  (2.6)  and  (2.10),  respectively,  are  not 
constants  after  all.  Instead,  K  and  K*  may  be  dependent  upon  some  wave 
and/or  sediment  characteristics.  From  laboratory  results,  Saville 
(1950),  Shay  and  Johnson  (1951),  and  Vicente  (as  cited  in  Sayao  and 
Kamphuis,  1983)  suggested  that  the  total  longshore  sediment  transport, 


12 

and  therefore  the  proportionality  constant  K  in  the  CERC  Formula, 

increases  with  increasing  deepwater  wave  steepness  up  to  H  /L   =  0.01  to 

o  o 

0.025,  and  decreases  thereafter.  Overall,  for  waves  of  identical 
energy  levels,  Saville  suggested  that  lower  steepness  waves  result  in 
greater  total  drift  than  higher  steepness  waves.  The  approximate  rela- 
tionship between  wave  steepness  and  the  proportionality  constant  K  is 
illustrated  in  Figure  2-3  for  six  different  laboratory  investigations. 
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Figure  2-3:   Variation  of  the  CERC  Formula   proportionality  constant  K, 
with  wave  steepness   as  found   from  laboratory  investiga- 


tions. 
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The  steepness  He/LQ  refers  to  the  calculated  wave  height  H   at  the 
theoretical  limiting  water  depth  for  appreciable  longshore  bedload 
transport  d  ,  where 

ue2 

de  =  0.03  (3-1)  g  (2'15) 


from  Hallermeier  (1978).  The  term  Ug  is  the  maximum  near-bed  linear- 
theory  wave  orbital  velocity,  and  s  is  the  specific  gravity  of  the 
sediment.   The  values  of  K  were  obtained  through 

I,    I. (measured)      I?(measured) 

K  =  p-  =  _H =  1 —I <2'16> 

Vo  le  -rr  pg(H  C  )   sin2a 

lo       g  e      e 

Accordingly,  K  in  Eq.  (2.16)  is  not  exactly  identical  to  K  in  Eq.  (2.6) 
since  P^g  is  only  an  approximation  of  P^u*  Figure  2-3  was  developed 
from  the  compilation  of  laboratory  data  presented  by  Hallermeier 
(1982).  Although  there  is  considerable  scatter,  a  general  decrease  in  K 
is  noted  for  an  increase  in  wave  steepness  (and  therefore  decreasing 
immersed  weight  longshore  sediment  transport  with  increasing  wave 
steepness  for  a  given  level  of  longshore  wave  energy  flux).  This 
observation  is  substantiated  by  Ozhan  (1982)  who  found  from  separate 
laboratory  investigation  that 


H  ' 
K  «  0.007  fe£-)  (2.17) 


where  H  '  is  the  unrefracted  deepwater  wave  height,  and  K  is  identical 
to  that  expressed  in  Eq.  (2.6).  Ozhan's  relationship  is  shown  by  the 
solid  line  in  Figure  2-3. 


14 
Castanho  (1970),  Bajournas  (1970),  van  Hijum  (1976),  Swart  (1976), 
and  Dean  (1978)  have  suggested  somewhat  conflicting  relationships 
between  longshore  sediment  transport  and  sediment  size.  In  Figure  2-4 
the  mean  values  of  the  CERC  Formula  proportionality  constant  K  (±  one 
standard  deviation)  found  from  several  laboratory  and  field  longshore 
sediment  present  in  each  study.   It  is  noted  that  the  laboratory  data 
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Figure  2-4:  Comparison  between  median  sediment  diameter  and  the  CERC 
Formula  proportionality  constant  K  from  field  data  and 
laboratory  data.  The  bars  indicate  one  standard  deviation 
of  K  above  and  below  the  mean  value  of  K. 


15 
points  have  not  been  scaled  up  to  the  prototype  and  that  the  laboratory 
values  of  K  are  approximate  (see  Eq.  (2.16)).   An  obvious  relationship 
between  sediment  size  and  K.  is  not  apparent  from  the  figure. 

Dean  (1973)  suggested  that  longshore  transport  may  be  described  by 
considering  the  portion  of  wave  energy  flux  dissipated  by  settling  sand 
grains.   His  suspension-dominant  model  indicates 


/g  H  m  cosa 

*  -  -CT^ (2-18) 

f   s 


where  m  is  the  beach  bed  slope,  and  wg  is  the  sediment  fall  velocity. 
Komar  (1977)  found  no  readily  apparent  relationship  between  K  and  w 
after  examination  of  available  longshore  transport  data. 

Much  of  the  debate  on  the  relationship  between  longshore  transport 
and  sediment  size  depends  upon  whether  the  dominant  mode  of  transport  is 
suspension  or  bedload.  In  general,  however,  one  would  expect  intu- 
itively that  larger  sediments  would  be  transported  less  readily  than 
smaller  sediments.  However,  since  larger  sediments  are  associated  with 
steeper  beaches,  a  given  wave  train  will  break  closer  to  shore  for 
beaches  of  larger  sediment  and  therefore  the  breaking  wave  energy  or 
radiation  stresses  will  be  concentrated  over  a  smaller  surf  zone. 
Hence,  greater  transport  may  be  realized  on  beaches  composed  of 
materials  of  larger  diameter.  These  two  opposing  intuitive  arguments 
have  yet  to  be  reconciled. 

Recently,  from  laboratory  experiments  on  sand  beaches,  Kamphuis  and 
Readshaw  (1978),  Vitale  (1981),  Kamphuis  and  Sayao  (1982),  and  Ozhan 
(1982)  each  observed  a  relationship  between  total  longshore  transport 
proportionality  constants  (K  and/or  K*  or  a  similar  constant)  and  the 
surf  similarity  parameter  Kb,    where 
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b  o 

and  Hb  is  the  breaking  wave  height  and  LQ  is  the  deepwater  wavelength. 
Since  it  is  generally  recognized  that  the  (equilibrium)  beach  slope,  m, 
is  related  to  the  sediment  size,  the  surf  similarity  parameter  somewhat 
combines  the  effect  of  both  sediment  size  and  wave  steepness.  (Choice 
of  the  appropriate  beach  slope,  m,  is  controversial;  some  recommenda- 
tions are  made  by  Sayao  and  Kamphuis  (1983).  In  the  present  study,  m  is 
taken  as  the  average  bed  slope  about  the  breakpoint — unless  otherwise 
noted. ) 

Figure  2-5  compares  the  surf  similarity  parameter  and  K  for  several 
laboratory  investigations  and  selected  field  data.  Figure  2-6  compares 
the  surf  similarity  parameter  and  K*  for  the  laboratory  data  of  Kamphuis 
and  Readshaw  (1978).  In  Figure  2-5,  the  values  of  K  for  the  Kamphuis 
and  Readshaw  (1978)  and  Komar  and  Inman  (1970)  data  represent  the  actual 
proportionality  constant  of  the  CERC  Formula,  while  the  values  of  K  for 
the  remaining  laboratory  data  are  approximated  by  Eq.  (2.16).  The 
laboratory  data  of  Kamphuis  and  Readshaw  and  the  field  data  of  Komar  and 
Inman  are  represented  by  the  surf  similarity  parameter  £,,  where  m  is 
taken  as  an  average  surf  zone  bottom  slope  and  local  breaking  bottom 
slope,  respectively,  and  significant  wave  height  is  utilized  for  the 
field  data.  The  remaining  laboratory  data  are  represented  by  a  similar- 
ity parameter: 


se  =  ~ —  (2.20) 

^H  /L 
e  o 
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where  He  is  the  wave  height  at  the  effective  limiting  depth  for 
appreciable  longshore  transport  (Eq.  (2.15)).  The  values  of  H  and  m 
are  taken  from  Hallermeier  (1982)  for  these  data.  Figures  2-5  and  2-6 
indicate  a  logarithmic  increase  of  K  and  K*  with  5fe.  In  general, 
examination  of  relationships  using  the  similarity  parameter  is  more 
appropriately  done  with  a  logarithmic  scale  since  the  similarity 
parameter  is  logarithmic  in  character. 
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Figure  2-5:  Variation  of  the  CERC  Formula  proportionality  constant  K 
with  similarity  parameter  for  selected  laboratory  and  field 
data. 
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Kamphuis  and  Readshaw  (1978). 


Galvin  (1968)  and  Battjes  (1974)  reported  that  the  surf  similarity 
parameter  may  be  used  to  describe  breaker  type.   According  to  Battjes 
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From  these  limits  and  the  trends  shown  by  Figures  2-5  and  2-6,  one  may 
conclude  that  plunging  and  collapsing  breakers  lead  to  greater  longshore 
transport  than  spilling  breakers  for  a  given  level  of  longshore  wave 
energy  flux  or  radiation  stress. 

The  tendency  of  K  and  K*  to  increase  with  the  similarity  parameter 
means  that  for  a  given  wave  steepness,  larger  sediment  sizes  exhibit 
greater  longshore  transport  rates  (since  larger  sediment  is  associated 
with  steeper  slopes  and  therefore  larger  values  of  m).  This  lends 
credibility  to  the  argument  that  longshore  transport  increases  on 
steeper  beaches  for  a  given  level  of  longshore  wave  energy  flux  or 
radiation  stress. 

In  brief  summary  of  this  section,  the  proportionality  "constants"  K 
and  K*  in  Eqs.  (2.6)  and  (2.10)  are  probably  not  constant  at  all,  but 
generally  (i)  increase  with  decreasing  wave  steepness;  (ii)  exhibit  a 
disputed  trend  with  sediment  size,  density,  and  fall  velocity;  and  (iii) 
increase  with  the  surf  similarity  parameter  which  combines  beach  slope 
(and  so  partly  sediment  type)  and  wave  steepness.  Since  the  surf  simi- 
larity parameter  is  related  to  the  wave  breaker  type,  and  the  character 
or  structure  of  the  surf  zone  varies  for  different  wave  breaker  types, 
one  may  expect  that  the  total  longshore  sediment  transport  (and  so 
perhaps  the  distribution  of  longshore  sediment  transport  across  the  surf 
zone)  should  somehow  depend  upon  the  breaker  type. 

2 «2   Existing  Distributed  Longshore  Sediment 
Transport  Models 

Bagnold  (1963)  proposed  that  wave  orbital  motion  mobilizes  beach 

sands  and  wave  power  is  expended  maintaining  the  sand  in  motion  so  that 

any  mean  local   longshore  current  V£  transports   the   sand.   Bagnold 
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suggested  a  suspended   and  bedload   model   in   accordance  with   this 
"energetics"  approach  which  may  be  written 

^^  EV  IT  (2.22) 

for  small  angles  of  wave  approach,  where  i£  is  the  local  immersed  weight 
longshore  sediment  transport  rate  per  unit  offshore  distance,  and  where 
the  x-axis  is  directed  offshore  with  origin  at  the  shoreline.  The  pro- 
portionality constant  kB  is  dimensionless.  The  term  u  represents  the 
near-bottom  wave  orbital  velocity. 

Assuming  linear  theory,  shallow  water  conditions,  constant  propor- 
tion <  between  water  depth  h  and  wave  height  H,  and  further  assuming 
that  the  longshore  current  is  given  by  Longuet-Higgins  (1970)  for  a  no- 
mixing  planar  beach  case  (Eq.  (2.12)),  the  Bagnold  expression  becomes 

257T  .     3/2   2  m  slnab  jr-  u 
1£=T28kBp§    K     C /\h  (2.23) 

A  simple  distributed  model  based  upon  the  concept  of  the  CERC  For- 
mula was  proposed  by  Svasek  in  1969  (see  Bakker,  1970).  Svasek  assumed 
that  the  longshore  component  of  sediment  transport  is  proportional  to 
the  loss  of  energy  flux  between  the  beach  contours;  i.e., 


i^(z)   *  -jt-(  E  C   sina  cosa)  (2.24) 


where  i£(z)  is  the  local  immersed  weight  longshore  sediment  transport 
rate  per  unit  depth.  For  the  same  assumptions  as  described  above, 
(i.e.,  linear  theory,  shallow  water,  H=Kh),  the  Svasek  model  may  be 
written 
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3V   3/2  2  m  Slnab  ,  2 
1l   =  8K  Pg    K  ~7= h  (2-25) 

where  K  is  the  constant  of  proportionality  from  the  CERC  Formula,  and 
use  has  been  made  of  the  relationship 

il   =  i£(x)  =  m  ijl(z)  (2.26) 

Throughout  this  paper,  the  notation  i£  refers  to  the  local  immersed 
weight  longshore  transport  rate  per  unit  offshore  distance,  whereas 
i^(z)  refers  to  the  transport  rate  per  unit  depth. 

Thornton  (1972)  proposed  a  distributed  longshore  transport  model 
based  upon  the  energetics  approach  of  Bagnold.   Specifically, 


B    „         V   1/2 


where  Bg  is  a  dimensionless  constant.  For  the  same  assumptions  as 
described  above,  the  Thornton  model  becomes 

i£=B;  pg3/2  m5/4  /iin^  hb1/4  h5/4  (2.28) 

for  a  planar  beach  with  no-mixing  longshore  current  given  by  Longuet- 
Higgins  (1970).   The  proportionality  constant  B  '  is  dimensionless. 

Figure  2-7  illustrates  the  normalized  longshore  transport  distribu- 
tions for  the  Bagnold,  Svasek,  and  Thornton  models  for  a  planar  beach. 
As  described  above,  a  no-mixing  Longuet-Higgins  longshore  current 
profile  has  been  assumed  for  the  Bagnold  and  Thornton  models.  The 
normalization  ij^/I^,  where  1^  is  the  total  transport  and  x,  is  the 
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surf  zone  width,  may  be  thought  of  as  the  local  longshore  transport  i£ 
compared  to  a  uniformly  distributed  transport  across  the  surf  zone, 
I£/'xb'  It:  is  noted  tnat  none  of  the  models  represent  transport  landward 
of  the  shoreline.  Each  model  exhibits  a  sharp  discontinuity  in  trans- 
port at  the  breaker  line  since  no  transport  is  predicted  seaward  of  the 
breakpoint  (assuming  no  energy  losses  outside  of  the  surf  zone). 

Abdelrahman  (1983)  further  developed  Thornton's  model  by  describing 
the  gradient  in  energy  flux  as  a  function  of  energy  dissipation  due  to 
breaking   (modelled  after  a  periodic  bore)   and  "due  to  bottom  friction 
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Figure  2-7:  Normalized  distribution  of  longshore  transport  across  a 
planar  beach  from  the  Bagnold,  Svasek,  and  Thornton 
models.  A  no-mixing  Longuet-Higgins  (1970)  longshore 
current  profile  is  assumed  for  the  Bagnold  and  Thornton 
models. 
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(eventually  neglected).  The  local  longshore  current  V£(x)  was  also 
expressed  through  energy  dissipation  due  to  breaking  after  Liu  and 
Dalrymple  (1978).  Abdelrahman's  final  expression  (which  appears 
diraensionally  incorrect)  predicts  the  peak  longshore  transport  at  about 
eight-tenths  of  the  distance  from  the  shoreline  to  the  breaker  line  for 
the  cases  tested,  and  predicts  transport  which  decreases  to  zero  at  the 
shoreline.   The  model  was  developed  and  utilized  for  random  waves. 

Komar  (1971,  1975,  and  1977)  also  extended  Bagnold's  (1963)  model, 
likewise  envisioning  that  breaking  wave-induced  stress  at  the  bed 
mobilizes  sediment  making  it  available  for  advection  by  a  longshore 
current.  Therefore,  Komar  reasoned  that  the  local  longshore  sediment 
transport  is  related  to  the  product  of  breaking  wave-related  stress  and 
longshore  current.  The  wave-related  stress  is  taken  as  a  function  of 
the  maximum  horizontal  component  of  wave  orbital  motion,  u  ,  which  Komar 
suggested  is  greatest  at  the  break  point  and  decreases  to  zero  at  the 
shoreline.  His  general  expression  for  the  local  immersed  weight 
longshore  sediment  transport  per  unit  distance  is 


irk  f 
io  =  — q-^  Pg  K     h  V  (2.29) 


where  fw  is  a  bed  drag  coefficient  for  wave  motions  and  k,  is  a 
proportionality  constant. 

If  the  stress  exerted  on  the  bed  by  longshore  current  is  also 
included  as  a  sediment  "mobilizing"  factor,  Komar  suggested  the 
following  expression  for  distributed  longshore  transport 

9  Pgf™   9 

^■Vi  [cf v*  +~r  K  h]  <2-3°) 
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where  k2  is  another  proportionality  constant  and  Cf  is  a  frictional  drag 
coefficient  for  the  longshore  current  velocity.  Since  Komar  assumed 
that  stress  due  to  wave  motion  is  greatest  at  the  breaker  line, 
inclusion  of  the  longshore  current  related  stress  suggests  that  the 
distribution  of  longshore  transport  will  shift  seaward  for  small  angles 
of  wave  incidence  since  the  contribution  of  stress  due  to  waves  will 
dominate  that  due  to  longshore  current.  Large  angles  of  incidence  will 
create  stronger  longshore  current  and  a  longshore  transport  distribution 
profile  which  more  closely  follows  that  of  the  longshore  current. 
Breaking  wave  height  should  not  affect  the  distribution  of  longshore 
transport  since  changes  in  wave  height  will  more  or  less  equally  affect 
the  longshore  current  and  wave  orbital  velocities. 

Figure  2-8  illustrates  the  normalized  (by  maxima)  longshore  trans- 
port distributions  from  the  Komar  models  for  a  planar  beach  and  for  wave 
and  longshore  current  conditions  shown  in  the  figure.  Some  transport  is 
predicted  seaward  of  the  breakpoint  when  lateral  mixing  is  considered, 
but  neither  model  predicts  transport  above  the  shoreline  in  the  swash. 
Komar  (1971)  argues  on  a  theoretical  basis  that  the  swash  zone  can  be 
modelled  identically  as  the  surf  zone,  but  swash  zone  application  of  any 
of  the  existing  models  is  not  obvious. 

Bijker  (1971)  was  among  the  first  investigators  to  develop  a 
longshore  transport  model  based  upon  river-borne  sediment  transport 
studies.  Bijker' s  expression  for  the  bedload  component  of  longshore 
transport,  taken  after  Frijlink,  is  of  the  form 

q^_bed  =  transport  parameter  *  eStirrinS  Parameter      ^^ 
In  classical  fashion,  Bijker's  suspended  load  contribution,   taken  after 
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Figure  2-8:  Normalized  distribution  of  longshore  transport  for  a  pla- 
nar beach  calculated  for  the  Koraar  and  Madsen  models  using 
the  wave  conditions  and  longshore  current  profile  shown. 


Einstein's  work,  is  expressed  in  terms  of  the  bedload  component  through 
somewhat  complicated  integrals  which  depend  upon  the  bed  roughness  or 
ripple  height,  fall  velocity,  and  bed  shear  velocity.  Bijker's  method 
is  cumbersome  to  apply,  and  it  is  also  sensitive  to  the  value  of  the 
assumed  thickness  of  the  bedload  transport.   An  example  from  Bijker's 
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model  is  shown  in  the  next  section  (Fig.  2-11).  Swart  (1976)  discussed 
the  Bijker  model  and  suggested  that  a  total  load  (i.e.,  bedload  +  sus- 
pended load)  model  is  more  appropriate.  Swart  used  a  modified  Ackers- 
White  (1973)  approach  and  found  a  lengthy  expression  for  the  local 
longshore  transport  which  is  not  detailed  herein. 

Madsen  (1978)  suggested  a  distributed  longshore  transport  model 
which  is  based  upon  an  experimentally  verified  expression  for  sediment 
transport  under  oscillatory  flow: 

l(t)  =  40  ^3(t)  (2.32) 

after  Brown  (1950),  Einstein  (1972),  and  Madsen  and  Grant  (1976),  where 
<Kt)  and  ij>(t)  are  instantaneous  values  of  the  non-dimensional  transport 
function  and  Shields  parameter,  respectively.   Specifically, 


xb(t) 
*Ct)  =  Pg(s-1)D  <2'34> 


Here,  q(t)  is  the  instantaneous  volumetric  sediment  transport  rate  per 
unit  width,  and  wg  and  D  are  the  sediment  fall  velocity  and  grain  size, 
respectively.   The  instantaneous  bottom  shear  stress  T,(t)  is  given  by 

V°  =Ipfcwl  \(t)  +  *  I  ^w(t)  +  ^  (2-35) 

where  uw  and  V  are  unsteady  (wave)  and  steady  (current)  velocities, 
respectively,  and  f    is  a  bed  friction  factor  due  to  combined  waves  and 
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currents.    Time-averaging  in  the  longshore  direction  and  employing 
linear  (shallow  water)  wave  theory,  Madsen  found 


w    f 
„   _  i  7  s  (      cw   >3   5  „ 
qi  ~   K7^2  ^iC^lTJ  Uo  V£  (2-36) 


The  normalized  (by  maxima)  longshore  transport  distribution  across  a 
planar  beach  (for  the  same  conditions  shown  for  the  Komar  models)  is 
illustrated  for  the  Madsen  model  in  Figure  2-8.  Evaluation  of  transport 
landward  of  the  shoreline  is  not  straight-forward  from  Madsen's  model. 
However,  the  model  does  not  exhibit  a  discontinuity  in  transport  at  the 
breaker  line  if  a  lateral-mixing  model  for  V£(x)  is  assumed.  It  is  also 
noted  that  the  model's  dependence  upon  wg/D2  implies  that  the  longshore 
transport  decreases  with  increasing  sediment  size  for  the  case  of 
spherical  sand  grains. 

The  laboratory  data  of  Sawaragi  and  Deguchi  (1978),  discussed  in 
the  next  section,  suggests  the  following  empirical  description  of 
distributed  longshore  sediment  transport 

*l   ~~   9A  \   D50  F*3'9  (2.37) 

where  2 

_  u*   ~  u*c 
F*  =  g(s-l)  D5Q  (2.38) 

The  friction  velocity  uA  =  Tb/p,  where  the  bottom  shear  stress,  l,  is 
due  to  the  combined  peak  wave  orbital  velocity  and  longshore  current, 
and  the  critical  friction  velocity,  uA  ,  is  defined  for  various  diameter 
sands  after  Iwagaki's  investigations  of  sediment  transport  threshold 
velocities  for  open  channel  flow  (see  Sawaragi  and  Deguchi,  1978). 


28 
Walton  and  Chiu  (1979)  suggested  a  distributed  longshore  sediment 
transport  model  of  the  form: 

h  '   Kw  P£b  X(X)  (2-39> 

which  is  similar  in  form  to  the  CERC  Formula  as  K  is  a  dimensionless 
constant  of  proportionality,  but  where  x(x)  is  a  local  modifying 
function  which  details  the  bedload  and  suspended  load  components  of 
transport  independently  as  functions  of  the  local  longshore  current  and 
water  depth.  Besides  basic  uncertainty  of  the  value  K„  as  in  the  CERC 
formula,  there  is  difficulty  in  selecting  the  separate  bedload  and 
suspended  load  transport  coefficients  in  the  modifying  term  x(x).  Using 
a  Longuet-Higgins  type  longshore  current  profile,  the  model  typically 
predicts  maximum  longshore  transport  in  the  seaward  half  of  the  surf 
zone  for  a  planar  beach.  A  discontinuity  is  present  at  the  breaker  line 
and  transport  decreases  to  zero  at  the  shoreline. 

A  series  of  simple  expressions  which  individually  reflect  some  of 
the  concepts  described  in  the  preceding  pages  was  tested  by  Fulford 
(1982)  using  laboratory  data  from  Savage  (1959)  and  Bijker  (1971). 
These  models  included 

1:  iSL   =  Kl  V4  Uo  (2'40a> 

2:  h   =  K2  V*  Uo  h(7y  <2'4°b) 

3:  H~\    tK3Uo  +  K3'  hfe  dK-(ECgC°Sa)]  (2.40c) 

4:  iZ   =  K4  V£  [uo  +  dx"(E  Cgcosa)^  (2.40d) 

5:  il  =   K5  V£  Tb  (2'40e> 
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where  the  K's  are  proportionality  constants,  and  Tb  is  the  local  bottom 
shear  stress  induced  by  the  longshore  component  of  wave  orbital  motion 
(Dean,  1977)  or  by  maximum  wave  orbital/longshore  current  velocities 
(Longuet-Higgins,  1970).  Fulford  evaluated  each  model  using  the  expres- 
sion for  longshore  current  across  a  planar  beach  after  Longuet-Higgins 
(1970).  Although  Fulford  concluded  that  Model  3  (Eq.  (2.41c))  agreed 
best  with  the  laboratory  data  he  tested  against,  none  of  the  models 
compared  well  with  the  laboratory  results. 

Hallermeier  (1982)  derived  an  expression  for  the  local  bedload 
component  of  the  longshore  sediment  transport  based  upon  a  laboratory 
expression  for  bedload  transport  under  oscillatory  motion.  His  model 
functionally  appears  as 

a   u  3  /D 

q£  =  ;  ;  °    3/2  tan  a  <2-41) 

(g(s-l)) 

where  a  is  the  wave  frequency.  Hallermeier  directly  integrated  this 
expression  across  the  surf  zone  to  yield  the  total  bedload  longshore 
transport  and  did  not  discuss  the  distribution  of  transport  outright. 

Tsuchiya  (1982)  considered  the  local  longshore  sediment  transport 
in  the  form 

q£  =  c  h  V^  (2.42) 

where  c  is  the  average  local  concentration  of  sediment  expressed  as  a 
function  of  the  local  applied  and  critical  shear  stress.  Tsuchiya1 s 
model  generally  predicts  the  maximum  longshore  drift  at  about  three- 
quarters  of  the  distance  from  the  shoreline  to  the  breaker  line  with 
significant   amounts   of   transport   seaward  of   the  breaker  line  for 
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decreasing  critical  shear  stress  values.   This  is  not  too  surprising 
since  Tsuchiya's  model  is  suspension-dominant  in  character. 

Finally,  Ballard  and  Inman  (1981)  and  Bailard  (1984)  proposed  an 
(initially  complicated)  energetics-based  expression  for  the  distribution 
of  longshore  sediment  transport  which  independently  describes  the  bed- 
load  and  suspended  load  components  of  transport  as  functions  of  the 
local  longshore  current  and  water  depth.  Accordingly,  the  model  is 
similar  in  structure  to  that  of  Walton  and  Chiu  (1979)  and  therefore 
involves  the  same  difficulty  of  selecting  separate  bedload  and  suspended 
load  transport  coefficients.  Typical  normalized  distributed  longshore 
transport  curves  obtained  from  the  model  for  a  planar  beach  are  shown  in 
Figure  2-9.  The  maximum  transport  is  predicted  to  occur  at  about  nine- 
tenths  of  the  distance  from  the  shoreline  to  the  breaker  line.  Trans- 
port is  described  seaward  of  the  breaker  line  with  a  slight  gradient 
discontinuity,  but  is  not  described  above  the  shoreline. 

Briefly  summarizing  this  section,  roughly  a  dozen  expressions  have 
been  suggested  for  the  distribution  of  longshore  sediment  transport.  In 
general,  most  of  the  models  assume  that  sediment  is  locally  mobilized 
(i)  as  a  function  of  energy  dissipation  from  the  breaking  waves,  or 
(ii)  by  the  bed  shear  stress  induced  by  the  peak  horizontal  wave  orbital 
velocities  alone  or  by  the  combined  peak  orbital  velocities  and  long- 
shore current.  The  mobilized  sediment  is  then  advected  downdrift  by  the 
local  longshore  current.  Accordingly,  knowledge  of  the  distribution  of 
longshore  current  across  the  surf  zone  is  important  in  most  of  the 
existing  distributed  longshore  transport  models.  Many  investigators 
have  relied  upon  the  planar  beach  longshore  current  model  suggested  by 
Longuet-Higgins  (1970). 
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Figure  2-9:  Example  of  Bailard's  distributed  longshore  transport  model. 
A  Longuet-Higgins  type  longshore  current  profile  is  used 
(as  shown)  with  mixing  parameter  P  =  0.2.  Adapted  from 
Bailard  (1984). 


Most  all  of  the  existing  models  suggest  that  the  longshore  sediment 
transport  is  greatest  between  the  mid-surf  zone  and  the  breaker  line  for 
a  planar  beach,  and  that  the  longshore  transport  tends  to  zero  at  the 
shoreline  and  outside  the  breaker  line.  Models  which  do  not  include 
bottom  stress  due  to  longshore  current  or  non-breaking  wave  orbital 
motion  exhibit  discontinuities  in  transport  at  the  breaker  line  with 
zero  transport  seaward  of  the  breaker  line.  None  of  the  models  explic- 
itly describe  nor  are  well  conditioned  to  treat  longshore  transport  in 
the  swash  zone. 
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2.3  Existing  Field  and  Laboratory  Data  for 
the  Cross-Shore  Distribution  of  Longshore  Sediment  Transport 

The  data  base  which  describes  the  cross-shore  distribution  of 
longshore  sediment  transport  is  relatively  limited.  With  few  excep- 
tions, relevant  studies  are  fairly  recent.  Aside  from  the  significant 
level  of  longshore  transport  observed  in  the  swash  zone,  the  most 
notable  feature  of  the  data  base  is  a  substantial  and  thus  far 
unexplained  variation  in  the  distribution  profiles  of  the  transport. 

The  earliest  published  prototype  observations  of  the  distribution 
of  longshore  transport  were  by  the  Beach  Erosion  Board  (1933).  Measured 
sediment  concentrations  from  collected  water  samples  beneath  a  pier  were 
used  to  indicate  the  relative  magnitude  of  the  suspended  component  of 
longshore  drift  across  the  surf  zone.  The  results  suggested  longshore 
transport  maxima  at  the  breaker  line  and  in  the  swash  zone.  Transport 
decreased  with  increasing  depth  seaward  of  the  breaker  line.  Wave 
conditions  during  the  tests  were  not  well  documented. 

From  a  moveable-bed  investigation  in  the  laboratory,  Saville  (1950) 
did  not  quantify  the  distribution  of  longshore  transport  across  shore, 
but  noted  the  importance  of  the  beach  profile  and  wave  conditions  upon 
the  magnitude  and  mechanism  of  longshore  transport.  Most  generally,  he 
observed  that  the  bulk  of  the  longshore  transport  occurred  within  the 
surf  zone  and  on  the  foreshore,  while  the  significant  levels  of  sediment 
motion  observed  outside  the  surf  zone  were  primarily  on/offshore  in 
character.  Saville  emphasized  that  locations  of  concentrated  longshore 
transport  might  correspond  to  those  of  concentrated  cross-shore 
processes;  that  is,  when  a  beach  is  in  disequilibrium  with  the  wave 
conditions,  greater  amounts  of  sediment  are  mobilized  for  transport  as 
the  profile  adjusts  to  the  wave  climate.   Saville  suggested  that  this 
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not  only  increases  the  total  longshore  transport  (substantiated  by 
laboratory  measurements  of  Kamphuis  and  Readshaw,  1978)  but  may  affect 
where  the  transport  occurs.  Saville  observed  that  on  equilibrium  storm 
beach  profiles,  the  longshore  transport  was  primarily  due  to  advection 
of  sediment  by  the  longshore  current  within  the  surf  zone.  On  equilib- 
rium summer  beach  profiles,  the  transport  was  almost  entirely  due  to 
beach  "drifting"  along  the  foreshore  (caused  directly  by  the  waves). 
The  transition  between  these  two  cases  occurred  abruptly  at  a  wave 
steepness  value  HQ/Lo  =  0.03  (which  corresponds  to  the  transition 
between  spilling  and  plunging  waves  for  Saville 's  laboratory  beach  slope 
of  1:10).  Most  significantly,  the  total  transport  along  summer  beaches 
was  much  greater  than  that  along  storm  beaches  for  the  same  wave  energy 
levels.  This  suggests  that  foreshore  "drifting,"  or  longshore  transport 
in  the  swash  zone,  is  associated  with  plunging  waves  and  is  at  least  as 
significant  as  longshore  transport  associated  with  longshore  currents 
seaward  of  the  shoreline. 

Zenkovitch  (1960)  evaluated  fluorescent  tracer  movements  as  an 
indicator  of  longshore  drift  across  beaches  in  the  Soviet  Union.  A 
typical  result  from  his  study  is  shown  in  Figure  2-10  which  details  the 
measured  distribution  profiles  of  longshore  current,  longshore  sediment 
advection  velocity,  and  suspended  sediment  concentration.  Like  the 
early  Beach  Erosion  Board  results,  peak  longshore  drift  was  observed  at 
the  breaker  location(s)  and  the  shoreline/swash  location.  Generally, 
longshore  transport  increased  in  areas  of  observed  high  turbulence 
levels  (bar  breaks  and  shoreline)  and  decreased  in  lesser  turbulence 
areas  (troughs).  Relatively  large  spilling  breakers  prevailed  during 
the  collection  of  the  data  shown  in  Figure  2-10. 
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Figure  2-10:  Prototype  measurement  of  suspended  sediment  concentration 
tion,  longshore  current,  and  tracer  advection  speed  (from 
Zenkovitch,  1960).  Each  distribution  is  normalized  by  its 
observed  maximum  value.  Adapted  from  Walton  and  Chiu 
(1979). 


Ingle  (1966)  described  a  number  of  fluorescent  tracer  experiments 
on  prototype  beaches  which  yielded  longshore  transport  distribution 
profiles  similar  to  those  of  Zenkovitch,  described  above. 

Thornton  (1968)  used  several  20-cm  high  traps  operated  from  atop  a 
pier  at  Fernandina  Beach,  Florida,  to  collect  the  longhsore  component  of 
sand  transport.   In  general,  he  found  that  longshore  transport  increased 


35 
shoreward;  and  like  the  previous  investigators,  he  found  that  greater 
longshore  transport  was  associated  with  bars  rather  than  troughs. 
Thornton  rationalized  (and  susbtantiated  through  measurements)  that 
kinetic  energy  increases  shoreward  and  therefore  bed  shear  and  associ- 
ated mobilization  of  sediments  increases  shoreward.  Thornton's 
measurements  were  limited  to  the  outer  portion  of  the  surf  zone  and 
excluded  mean  water  depths  of  less  than  about  half  a  meter. 

Bruun  (1969)  utilized  the  same  technique  as  Thornton,  but  caught 
fluorescent  sand  tracer  in  the  traps.  Bruun  found  several  dissimilar 
distributions  of  longshore  transport  and,  unlike  Thronton,  observed 
greater  longshore  transport  in  the  beach  troughs  than  over  the  bars. 
Bruun  suggested  that  this  was  likely  due  to  an  absence  of  wave  breaking 
over  the  bars  and/or  strong  tidally-driven  longshore  currents  which  were 
present  in  the  troughs. 

Bijker  (1971)  conducted  laboratory  experiments  where  sand  trans- 
ported along  a  model  beach  spilled  into  a  cross-shore  series  of  deposi- 
tion bins  located  at  the  extreme  downdrift  end  of  the  beach.  Figure 
2-11  illustrates  the  cross-shore  profile  of  longshore  transport  derived 
from  the  distribution  of  material  deposited  in  the  bins  after  about  10 
hours  of  testing  (Hb=  16-17  cm,  hb=  18-21  era,  T  =  1.55  sec).  Bijker 
indicates  that  the  distribution  may  be  suspect  because  of  transport 
disturbances  caused  by  the  downdrif t-end  weir  over  which  the  sand  flowed 
in  order  to  enter  the  bins.  The  longshore  current,  wave  height,  and 
beach  profiles  2  m  updrift  of  the  bins  are  shown  in  Fig.  2-11  and  the 
longshore  transport  computed  frora  Bijker' s  model  for  these  conditions  is 
also  shown.  Bijker  reported  that  the  distribution  of  sand  caught  in  the 
bins   changed  with  time  as  the   beach  profiles  slowly  evolved:   the  peak 
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Figure  2-11:  Laboratory  measurement  of  distributed  longshore  transport 
using  downdrift  traps.  Beach,  wave  height,  longshore 
current,  and  predicted  longshore  transport  profiles  are 
shown  at  2  meters  updrift  of  traps.  Adapted  from  Bijker 
(1971). 
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longshore  transport  initially  occurred  seaward  of  the  bar  position  and 
gradually  moved  inside  the  bar  position  as  the  bar  became  more 
pronounced.  Bijker  suggests  that  this  may  be  attributed  to  a  greater 
concentration  of  the  longshore  current  between  the  shoreline  and  the  bar 
as  the  bar  grew  in  relief. 

Sawaragi  and  Deguchi  (1978)  placed  round  traps  divided  into  pie- 
shaped  sections  into  the  bed  in  order  to  collect  sediment  transport  from 
several  established  directions  simultaneously.  Their  findings  of  the 
longshore  transport  and  cross-shore  transport  distributions  from  two 
field  efforts  each  at  Isonoura  and  Matsuho  Beaches  are  shown  in  Figures 
2-12  and  2-13,  respectively.  The  approximate  values  of  deepwater  wave 
steepness  HQ/Lo  and  surf  similarity  parameter  £,,  as  calculated  by  this 
author,  are  listed  for  each  experiment.  Most  notably,  the  measurements 
indicate  four  different  longshore  sediment  transport  distribution  pro- 
files: (1)  maximum  in  the  swash  zone  (Matsuho-a),  (2)  maximum  towards 
the  shoreline  (Isonoura-a) ,  (3)  maximum  at  the  breaker  line  (Matsuho-b), 
and  (4)  bimodal  with  maxima  at  the  shoreline  and  at  the  breaker  line, 
(Isonoura-b).  In  each  case,  there  is  significant  longshore  transport 
observed  above  the  shoreline,  and  about  10%  to  30%  of  the  total  trans- 
port is  observed  seaward  of  the  breaker  line.  There  also  appears  to  be 
some  correlation  between  the  cross-shore  and  longshore  distribution  of 
transport. 

From  inspection  of  the  beach  profile,  breaker  location,  and  surf 
similarity  parameter,  it  is  noted  that  there  was  a  slight  terrace  land- 
ward of  the  breaker  point  at  Isonoura  Beach  (b)  for  conditions  of  rela- 
tively large,  spilling  waves.  Under  similar  conditions,  earlier  inves- 
tigators  such  as   Zenkovitch  (1960)   found  bimodal  longshore  transport 
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Figure  2-12:  Field  measurement  of  distributed  longshore  and  cross-shore 
transport  by  Sawaragi  and  Deguchi  (1978)  using  circular 
traps  in  the  bed  at  Isonoura  Beach.  Adapted  from  Sawaragi 
and  Deguchi  (1978). 
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Figure  2-13:  Field  measurement  of  distributed  longshore  and  cross-shore 
transport  by  Sawaragi  and  Deguchi  (1973)  using  circular 
traps  in  the  bed  at  Matsuho  Beach.  Adapted  from  Sawaragi 
and  Deguchi  (1978). 
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distribution  profiles  similar  to  Sawaragi  and  Deguchi's.  For  Isonoura 
Beach  (a),  waves  were  breaking  landward  of  the  terrace  and  were  probably 
also  of  a  spilling  type;  the  bimodal  transport  distribution  of  Isonoura 
(b)  is  replaced  by  a  single  peak  in  the  inner  surf  zone.  Perhaps  this 
is  because  the  smaller  waves  of  Isonoura  (a)  broke  closer  to  the  shore- 
line compared  to  the  large  waves  of  Isonoura  (b).  The  surf  zone  at 
Matsuho  Beach  was  relatively  small  and  so  it  is  difficult  to  discuss  the 
distribution  of  transport.  However,  it  is  noted  that  the  waves  were 
likely  plunging/spilling  almost  directly  onto  the  foreshore  and,  for 
these  cases,  the  reported  swash  zone  contribution  to  the  longshore 
transport  is  significant. 

Sawaragi  and  Deguchi  (1978)  subsequently  used  their  trapping  tech- 
nique on  a  movable  bed  laboratory  beach  and  also  measured  the  cross- 
shore  and  longshore  components  of  the  bed  shear  stress  on  a  similar 
fixed  bed  laboratory  beach.  Their  findings  of  the  longshore  transport 
distribution  profile  for  two  different  sediment  sizes  are  shown  in 
Figure  2-14.  For  each  sediment  size  tested,  the  normalized  distribution 
profiles,  q£/q£max,  appear  to  be  essentially  independent  of  the  deep- 
water  wave  steepness.  However,  the  average  location  of  the  peak  long- 
shore transport  is  shifted  shorewards  within  the  surf  zone  for  the 
larger  sediment  tests  relative  to  the  finer  sediment  tests.  Sawaragi 
and  Deguchi  similarly  found  that  the  distributions  of  normalized  wave 
height,  H/Hmax,  and  longshore  current,  V£/V£max,  were  fairly  independent 
of  the  deepwater  wave  steepness  values  tested.  The  average  distribution 
profiles  of  these  two  parameters  are  shown  in  Figure  2-15  for  comparison 
to  the  longshore  transport  distributions.  The  laboratory  data  generally 
indicate   a  peak  in  longshore  transport  at  six-tenths  to  eight-tenths  of 
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Figure  2-14:  Normalized  distributed  longshore  transport  from  laboratory 
measurements  of  Sawaragi  and  Deguchi  (1978);  median  sand 
diameter  of  (a)  0.34  mm,  (b)  0.68  mm.  Adapted  from  Sawa- 
ragi and  Deguchi  (1978). 
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Figure  2-15:  Average  normalized  longshore  current  and  wave  height  across 
the  surf  zone  from  laboratory  measurements  of  Sawaragi  and 
Deguchi  (1973).  Solid  (broken)  curves  represent  median 
sand  diameter  of  0.34  mm  (0.68  mm).  Adapted  from  Sawaragi 
and  Deguchi  (1978). 
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the  distance  from  the  shoreline  to  the  breaker  line  with  10%  to  20%  of 
the  total  transport  occurring  seaward  of  the  breaker  line  and  some 
unknown  (but  apparently  non-zero)  amount  of  longshore  transport  above 
the  shoreline.  For  the  finer  sediment,  the  longshore  transport  at  the 
shoreline,  x/xb=0,  increased  with  decreasing  wave  steepness  (or 
increasing  surf  similarity  parameter).  The  measured  laboratory  distri- 
bution of  longshore  transport  across  the  surf  zone  was  similar  to  the 
measured  distribution  of  cross-shore  transport  (not  shown).  This  agrees 
with  the  field  observations. 

Tsuchiya  (1982)  presents  one  case  of  distributed  longshore  sediment 
transport  data  from  an  experimental  investigation.  His  data  are  shown 
in  normalized  form  in  Figure  2-16,  where  x/xb=0  is  the  mean  shoreline 
location.  A  primary  peak  is  noted  about  eight-tenths  of  the  distance 
from  the  shoreline  to  the  breaker  line.  Secondary  peaks  are  noted  in 
the  swash  zone,  inner  surf  zone,  and  just  outside  the  breaker  line. 
Details  of  Tsuchiya' s  experiment  are  not  known  by  this  author. 
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Figure  2-16:   Normalized  longshore  transport  distribution  as  measured  by 
Tsuchiya  (1982).   Adapted  from  Tsuchiya  (1982). 


43 
Berek  and  Dean  (1982)  analyzed  the  rotation  of  depth  contours  in  a 
pocket  beach  (Leadbetter  Beach,  Sta.  Barbara,  California)  after  a  change 
in  wave  direction.   The  authors  hypothesize  that  the  relative  amount  of 
contour  rotation  can  be  interpreted  as  the  cross-shore  distribution  of 
longshore  sediment  transport  so  long  as  cross-shore  transport  does  not 
appreciably  contribute  to  the  contour  changes.   The  local  longshore 
transport  at  particular  depth  contours  of  interest  was  calculated  over 
the  two-month  intervals  between  surveys  through  consideration  of  hourly 
fluctuations  in  tide  and  longshore  wave  energy  flux  and,  of  course,  the 
measured  contour  changes  along  the  pocket  beach  between  surveys.   Berek 
and  Dean's  results  are  shown  in  Figure  2-17.   The  local  longshore  trans- 
port has  been  normalized  by  the  value  at  the  mean  shoreline.    The 
authors  indicate  less  confidence  in  the  October  to  December  evaluation 
because  of  presumed  "leaks"  in  the  pocket  beach.   Distribution  models  of 
three  other  investigators  discussed  in  the  previous  section  are  shown 
for  comparison.   These  three  other  predictive  models  were  evaluated  over 
the  temporally  fluctuating  tide  and  longshore  wave  energy  flux  in  a 
manner  similar  to  the  evaluation  of  the  original  field  data.   Accord- 
ingly, these  models*  predicted  distribution,  q£(x),  moved  across  the 
mean  water  depths,  h(x),  so  that  the  local  longshore  transport  at  the 
mean  shoreline,  qJl(h=0),  for  these  models  was  non-zero.    Berek  and 
Dean's   investigation   indicates   that   longshore   transport   increases 
towards  the  mean  shoreline,  or  at  least  is  greatest  in  the  inner  surf 
zone.   The  results  also  indicate  significant  levels  of  transport  seaward 
of  the  presumed  mean  breaking  depth.   Swash  zone  transport  is  implicitly 
included  in  the  calculated  longshore  drift  because  of  the  tidal  fluctua- 
tions; however,  it  is  not  explicitly  described  in  Berek  and  Dean's 
graphical  results. 
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Figure  2-17:  Normalized  longshore  transport  distribution  developed  from 
relative  rotation  of  depth  contours  at  a  pocket  beach  after 
a  change  in  wave  direction.  Dashed  lines  indicate  various 
predictive  model  results  for  the  measured  prototype  surf 
and  tide  fluctuations.   From  Berek  and  Dean  (1982). 


From  the  results  of  a  major  field  effort  using  fluorescent  tracers, 
Kraus  et  al.  (1982)  identified  four  basically  different  longshore 
transport  distributions  across  the  surf  zone:  (1)  generally  uniform, 
(2)  bimodal  with  peaks  in  the  swash  and  breaker  locations,  (3)  maximum 
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towards  the  breaker  line,  and  (4)  maximum  towards  the  shoreline.  These 
four  different  distribution  profiles  are  similar  in  type  to  the  field 
results  of  Sawaragi  and  Deguchi  (1978).  The  surf  similarity  parameter, 
5b,  was  approximated  by  this  author  for  each  of  the  six  experiments  from 
which  these  distribution  classifications  were  derived:  type  (1), 
Cb=0.12;  type  (2),  C3~O.ll  to  0.15;  type  (3),  Cb=0.11  to  0.23;  and  type 
(4),  Cb=:0.18  to  0.35.  From  these  data,  a  description  of  the  longshore 
transport  distribution  based  upon  surf  similarity  parameter  seems 
unlikely.  However,  it  is  noted  that  the  highest  value  of  £b  (which 
indicates  a  greater  tendency  for  wave  plunging)  is  associated  with 
maximum  longshore  transport  near  the  shoreline  (type  4).  The  reported 
wave  conditions  for  each  of  the  six  experiments  considered  were  mixed 
spilling  and  plunging  (Sunamura  and  Kraus,  1985).  Kraus  et  al.  suggests 
that  there  is  no  reason  to  expect  a  "standard"  distribution  profile  for 
longshore  sediment  transport  in  the  prototype  given  the  variability  of 
longshore  current  distribution  across  real  beaches  and  given  the 
variability  of  the  dominant  mode  of  sediment  transport  (i.e.,  suspended 
load  vs.  bedload). 

Fulford  (1982)  examined  contour  changes  updrift  of  a  high-relief 
groyne  after  10  hours  of  oblique  wave  attack  on  a  laboratory  beach 
(Savage,  1959).  The  beach  was  in  only  approximate  equilibrium  with  the 
wave  conditions  before  the  test  was  begun.  Fulford 's  work  represents  an 
"impoundment  technique"  analysis,  similar  to  that  used  in  the  present 
study,  where  the  local  longshore  sediment  transport  is  calculated 
through  integration  of  measured  profile  changes  updrift  of  a  shore- 
perpendicular  barrier.  From  Savage's  data,  Fulford  presented  a  long- 
shore transport  distribution  profile  as  shown  in  Figure  2-18.    The 
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cross-shore  coordinate  x/xb=0  corresponds  to  the  zero-hour  still-water 
shoreline  location.  The  distribution  indicates  peak  longshore  transport 
at  x/xb=0.35  and  that  18%  of  the  total  transport  occurs  landward  of  the 
setup  shoreline  location  and  another  18%  occurs  seaward  of  the  average 
breaker  location.  The  updrift  limit  of  barrier  effect,  y*,  was  found  to 
be  about  one  groyne  length  (measured  from  the  top  of  the  berm  to  the  toe 
of  the  groyne).  The  surf  similarity  parameter  for  Savage's  tests  was 
approximately  Cb=0.23  to  0.28  (using  rms  wave  parameters  calculated  by 
Fulford).   The  nearshore  peak  in  longshore  transport  agrees  roughly  with 
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Figure  2-18:  Normalized  longshore  transport  distribution  developed  from 
sediment  impoundment  updrift  of  a  barrier  on  a  laboratory 
beach  (Savage,  1959).  Approximate  breaking  position  imme- 
diately updrift  of  groyne  after  impoundment  was  x/xh=1.3. 
Adapted  from  Fulford  (1982). 
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with  the  Sawaragi  and  Deguchi  (1978)  and  Kraus  et  al.  (1982)  field  data 
for  this  range  of  the  surf  similarity  parameter. 

It  is  noted  that  Fulford's  distribution  does  not  close  to  zero 
seaward  of  the  breaker  line.  This  is  partly  because  the  groyne  did  not 
extend  significantly  beyond  the  breaker  line  and  partly  because  Fulford 
did  not  account  for  cross-shore  transport  effects.  Specifically,  the 
contours  outside  of  the  breaker  line  shifted  considerably  seaward  during 
the  ten-hour  test  (out  to  a  depth  h=2.5hb).  This  shift,  interpreted  by 
Fulford  as  a  longshore  transport  signal,  was  relatively  constant  across 
the  entire  length  of  the  beach  and  was  therefore  mostly  unrelated  to  the 
impoundment  of  longshore  transport  by  the  barrier. 

Abdelrahman  (1983)  evaluated  beach  profile  changes  out  to  wading 
depths  over  several  stormy  days  along  Leadbetter  Beach,  Sta.  Barbara, 
California,  in  order  to  approximate  the  distribution  of  longshore 
sediment  transport.  Abdelrahman  assumed  that  cross-shore  transport  was 
negligible  during  the  survey  period  because  of  the  absence  of  pronounced 
berms  or  bars  in  the  profiles.  His  data  analysis  technique  was  based 
upon  that  of  an  impoundment  approach;  however,  this  requires  that  a 
gradient  of  longshore  transport  exists  along  the  beach.  It  appears  that 
Abdelrahman  calculated  the  mean  alongshore  gradient  in  longshore  trans- 
port and  assumed  that  its  distribution  was  similar  to  that  of  the  long- 
shore transport.  His  results,  not  shown  here,  indicate  considerable 
shoreline/swash  zone  longshore  transport — or  more  correctly,  consid- 
erable longshore  gradient  in  shoreline/swash  zone  transport. 

Downing  (1984)  and  Sternberg  et  al.  (1984)  measured  vertical  sedi- 
ment concentration  profiles  simultaneously  with  the  longshore  current 
across  the  surf  zone  on  natural  beaches,  and  developed  local  longshore 
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suspended  sediment  transport  values  through 


q£(x)  =  V  (x;t)  /  c(x,z:t)  ds 


(2.43) 


where  c(x,z,t)  is  the  local  instantaneous  sediment  concentration 
profile,  and  the  over-bar  indicates  time  averaging.  Figure  2-19 
illustrates  Downing's  findings  for  a  wide,  spilling,  relatively  planar- 
bed  surf  zone  at  Twin  Harbor  Beach,  Washington.  The  figure  depicts  the 
normalized  discrete  distribution  of   suspended  sediment  concentration, 
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Figure  2-19:  Distribution  of  longshore  sediment  transport  calculated 
from  field  measurements  of  longshore  current  and  suspended 
sediment  concentration.  Each  quantity  is  normalized  by 
its  maximum  value.   Adapted  from  Downing  (1984). 
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longshore  current,  and  calculated  longshore  transport.  Use  of  Eq. 
(2.43)  with  the  sediment  concentration  and  longshore  current  data 
indicates  maximum  longshore  transport  in  the  mid-surf  zone  which 
corresponds  to  the  maximum  longshore  current.  However,  the  maximum 
suspended  sediment  concentrations  were  found  nearshore.  Note  that  the 
measurements  do  not  include  water  depths  less  than  about  half  a  meter. 

The  results  of  Sternberg  et  al.  (1984),  using  Eq .  (2.43)  with  field 
data  from  Leadbetter  Beach,  Sta.  Barbara,  California,  are  shown  in 
Figure  2-20.   The  value  x/xb=0  indicates  the  mean  shoreline  position. 
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Figure  2-20:  Distribution  of  immersed  weight  longshore  sediment  trans- 
port calculated  from  field  measurements  of  longshore  cur- 
rent and  suspended  sediment  concentration.  From  Sternberg, 
Shi,  and  Downing  (1984). 
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Cross-shore  resolution  of  the  longshore  transport  distribution  is  rela- 
tively poor  and  few  data  points  are  available  near  the  shoreline.  Based 
upon  the  investigators'  extrapolations  for  each  data  set,  the  maximum 
longshore  transport  is  located  at  about  the  mid-surf  position.  The 
authors  report  that  considerable  longshore  transport  was  observed  in  the 
swash  zone  but  measurements  could  not  be  taken  in  this  area. 

Equation  (2.43)  implies  that  longshore  current  is  uniform  through 
the  water  column.  A  more  appropriate  expression  would  be 


q£(x)  =  /_hVx»z;t)  c(x,z;t)  dz  (2.44) 


However,  neither  Downing  nor  Sternberg  et  al.  measured  vertical  distri- 
bution of  the  longshore  current.  Since  both  investigators  found  a  loga- 
rithmic decrease  of  sediment  concentration  above  the  bed,  use  of  Eq. 
(2.43)  could  appreciably  alter  the  calculated  longshore  transport 
distribution-if  the  longshore  current  is  not  uniform  over  depth  as 
originally  assumed.  It  is  also  noted  that  the  work  of  Downing  and 
Sternberg  et  al.  neglects  bedload  transport. 

Most  recently,  as  part  of  "DUCK-85,"  the  Coastal  Engineering 
Research  Center  (CERC)  sampled  the  longshore  suspended  component  of 
sediment  transport  using  a  series  of  "streamer  traps"  positioned  through 
the  water  column  and  across  the  surf  zone  (N.  Kraus,  personal  communica- 
tion; see  also  Mason,  Kraus,  and  Holman,  1985).  Final  results  of  the 
data  analysis  were  not  available  at  the  time  of  this  writing;  however, 
preliminary  results  indicate  that  the  greatest  transport  occurs  near  the 
bed  and  decreases  upwards  through  the  water  column.  Transport  was 
measured  above  the  mean  water  level  as  well.   Longshore  transport  was 
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maximum  near  the  breaker  line,  very  small  outside  the  surf  zone,  and 
decreased  towards  shore  despite  the  presence  of  a  bar  close  to  the 
shoreline.   No  measurements  were  reported  for  water  depths  less  than 
about  half  a  meter. 

Briefly  summarizing  this  section,  distributed  longshore  transport 
field  and  laboratory  investigations  indicate  that  (1)  significant 
levels  of  longshore  transport  occur  above  the  shoreline  (i.e.,  in  the 
swash  zone),  (2)  contribution  of  the  swash  zone  transport  to  the  total 
littoral  drift  increases  as  waves  break  near  or  upon  the  foreshore  and 
possibly  increases  with  the  surf  similarity  parameter,  (3)  about  10%  to 
30%  of  the  total  longshore  transport  is  observed  seaward  of  the  breaker 
line,  (4)  maximum  longshore  sediment  transport  is  at  least  as  likely  to 
occur  within  the  shoreward  half  of  the  surf  zone  as  within  the  seaward 
half  of  the  surf  zone,  (5)  greater  longshore  drift  is  often  associated 
with  shallower  depths  (i.e.,  break-point  bars  and  the  shoreline),  and 
(6)  field  measurements  demonstrate  great  variability  in  the  shape  of  the 
longshore  sediment  transport  distribution  profile. 

2.4  Chapter  Summary 
Several  generalizations  can  be  made  regarding  longshore  sediment 
transport  based  upon  the  literature  review  presented  in  this  chapter. 
First,  total  longshore  sediment  transport  predictive  models  typically 
lack  sensitivity  to  the  dynamic  state  of  the  beach  geometry  and  to  the 
location  and/or  type  of  wave  breaking.  Second,  existing  distributed 
longshore  transport  models  predict  the  maximum  transport  in  the  seaward- 
half  of  the  surf  zone  for  a  planar  beach.  These  models  neglect  swash 
zone  contributions  and  indicate  that  transport  vanishes  at  or  near  the 
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mean  shoreline.  Formulation  of  the  transport  distribution  is  most 
typically  taken  as  the  product  of  the  wave  orbital  motion/longshore 
current  induced  bed  shear  stress  (mobilizing  parameter)  and  the 
longshore  current  (advection  parameter).  Third,  field  (and  some 
laboratory)  data  often  indicate  maximum  longshore  transport  in  the 
landward-half  of  the  surf  zone  and  significant  levels  of  transport  at 
and  above  the  mean  shoreline.  Since  the  position  of  the  longshore 
transport  maxima  predicted  by  the  models  for  a  planar  beach  often 
conflicts  with  the  field  and  laboratory  data,  one  might  conclude  that 
the  existing  models  are  poor  predictors  of  the  longshore  transport 
distribution,  and/or  that  evaluation  of  the  existing  models  for  a  planar 
beach  yield  poor  representations  of  the  actual  longshore  transport  dist- 
ribution which  exists  in  nature.  Fourth,  the  total  longshore  transport 
has  been  shown  to  increase  with  increasing  value  of  the  surf  similarity 
parameter  (for  a  given  longshore  energy  flux  or  radiation  stress),  and 
increasing  surf  similarity  parameter  values  indicate  a  tendency  for 
plunging  or  surging  (collapsing)  wave  breaking.  Some  of  the  available 
observations  and  data  suggest  that  near-shoreline  and/or  swash  longshore 
transport  dominates  for  plunging  and  surging  (collapsing)  conditions. 
Since  plunging  and  collapsing  breakers  are  associated  with  both  greater 
total  longshore  transport  and  near-shoreline/swash  transport,  near- 
shoreline  and/or  swash  transport  must  be  quite  significant.  In  any 
case,  from  the  data,  the  longshore  transport  distribution  profiles 
appear  to  be  related  to  the  beach  profile  geometry  and  possibly  to  the 
type  and/or  location  of  wave  breaking. 


CHAPTER  3 

FIELD  INVESTIGATION: 

EXPERIMENTAL  METHOD 

AND  DATA  PRESENTATION 


3.1   Introductic 


An  intensive  field  measurement  effort  was  undertaken  at  the  Coastal 
Engineering  Research  Center  (CERC)  Field  Research  Facility  (FRF)  at 
Duck,  North  Carolina,  over  the  period  July  16  through  October  2,  1984, 
to  collect  data  which  describes  the  impoundment  of  longshore  sediment 
transport  against  a  shore-perpendicular  barrier  rapidly  deployed  across 
an  initially  undisturbed  beach,  as  well  as  relevant  nearshore  surf  and 
sediment  data.  The  following  pages  describe  the  techniques  utilized  to 
impound  and  measure  the  littoral  drift.  Beach  profile,  surf,  and 
sediment  data  collected  during  the  impoundment  experiments  are  also 
described.  A  detailed  description  of  the  FRF  experiment  site  is 
offerred  in  Birkemeier  et  al.  (1981). 

3.2  Experimental  Method 
3.2.1  Overview 

For  each  impoundment  experiment,  a  shore-perpendicular  sand-bag 
groyne  was  constructed  approximately  150  meters  south  of  the  FRF  pier. 
Visual  inspection  indicated  that  the  beach  and  surf  south  of  this 
location  were  relatively  free  of  pier  effects  for  wave  events  from  the 
south.   Although  execution  of  the  experiment  much  further  from  the  pier 

53 


54 
may  have  reduced  further  pier  effects  upon  the  investigation  site,  field 
operation  within  150  to  300  meters  of  the  pier  greatly  facilitated 
effective  data  collection.  Beach  profiles  in  the  vicinity  of  the  groyne 
were  usually  surveyed  before  and  after  groyne  deployment  (over  one  or 
two  tide  cycles).  It  was  intended  that  these  beach  profiles  over  time 
and  space  would  indicate  the  total  volume  of  sediment  impounded  against 
the  barrier  as  well  as  its  distribution  across  the  surf  zone. 
Coincident  with  the  post-groyne-construction  beach  profiling,  measure- 
ments were  made  of  the  local  longshore  current  and  wave  height  at  three 
locations  across  the  surf  zone,  sediment  samples  were  taken  updrift  and 
downdrift  of  the  groyne,  and  tidal  water  level  changes  and  breaking  wave 
angle  were  recorded. 

3.2.2  Groyne  Construction  and  Removal 

The  site  whereupon  each  groyne  was  constructed  was  marked  by  two 
ropes,  separated  by  about  2.5  meters,  which  stretched  from  the  top  of 
the  berm  to  well  past  the  low-tide  breaker  line.  The  groynes  were  built 
using  a  series  of  sand-bag  units  laid  end  to  end.  Each  sand-bag  unit 
was  tied  between  the  two  shore-perpendicular  ropes  in  order  to  hold  it 
in  place  while  it  was  filled.  The  bags  were  filled  by  pumping  slurry 
from  approximately  8  m  downdrift  of  the  groyne  using  a  600  gallon-per- 
minute  pump  with  10 -cm  hard-rubber  suction  hose  and  10-cm  flexible  PVC 
discharge  hose.  During  filling,  small  slits  were  cut  about  the  bags  to 
relieve  the  back-pressure  caused  by  the  great  volume  of  slurry  water 
which  was  pumped  into  the  bags.  Filter  cloth  (Filter-X  material)  was 
placed  underneath  the  sand-bags  on  the  foreshore  in  order  to  prevent 
these  bags  from  "jetting"  and  sinking  into  the  soft,  dry  berm  sediment 
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during  pumping.   Repetitive  surveys  of  the  groyne  over  a  several  day 
period  indicated  that  the  groynes  did  not  appreciably  sink  into  the  bed 
after  construction. 

It  was  discovered  that  pyramid-shaped  sand  bag  units  were  best 
suited  for  an  optimally  high  and  quickly  built  groyne.  Three  long 
cylindrical  bags  were  sewn  together  in  a  triad  to  form  a  pyramid  (Figure 
3-1).  Each  bag  was  3.7-meters  long  and  30  to  50  cm  in  diameter. 
(Larger  diameter  bags  did  not  fill  well  and  slumped  to  the  same  height 
as  the  50  cm  diameter  bags.)  The  top  bag  in  the  pyramid  overhung  the 
bottom  two  bags  by  1.2  meters.  In  this  way,  the  groyne  could  be  built 
in  a  brick-laying  fashion:  the  bottom  bags  were  placed  end-to-end  to 
their  upshore  neighboring  bags  while  the  top  bag  overlaid  the  seaward 
1.2  meters  of  the  neighboring  upshore  bags.  Each  bag  was  filled  from 
its  landward  end  so  that  the  landward  ends  were  always  well-filled 
compared  to  the  seaward  ends.  The  "brick-laying"  style  of  construction 
ensured  a  more  consistent  groyne  height  because  the  landward  (well- 
filled)  ends  of  the  top  bags  compensated  for  the  poorly-filled  seaward 
ends  of  the  neighboring  upshore  bottom  bags. 

Each  individual  bag  in  a  pyramid  unit  was  constructed  from  a  sheet 
of  Filter-X  material  sewn  into  a  tube  shape.  Circular  pieces  of  Filter-X 
were  sewn  onto  the  ends  of  the  tube  shape.  A  30-cn  overlap  was  sewn 
into  the  tube  shape  and  was  termed  the  "flap"  (Figure  3-2).  The  flap 
served  as  a  secondary  or  false  ceiling  to  the  inside  of  the  bag.  A  slit 
was  cut  across  the  top  of  the  tube  above  the  flap  and  another  slit  was 
cut  across  the  flap  just  below  and  slightly  seaward  of  the  top  slit. 
These  two  slits  allowed  entry  of  the  discharge  hose  through  which  the 
slurry  was  pumped.   When  the  bag  filled,  the  flap  and  the  top  surface  of 
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Figure  3-1:   The  pyramid-shaped  sand  bag  unit  (not  to  scale). 
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Figure  3-2:   An  individual  sand  bag   showing  the  fill-flap  design. 
(End  pieces  not  shown). 
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the  tube  tightened  together  due  to  the  weight  of  the  sand  pushing  out  on 
the  side  walls  of  the  tube.  This  served  to  close  the  bag  and  prevented 
sand  from  leaking  out  of  the  slits.  (It  was  important  to  almost 
completely  remove  the  discharge  hose  from  the  slits  before  the  flap 
tightened  or  else  risk  locking  the  hose  inside  the  bag.)  One-meter  long 
rope  ties  were  sewn  into  the  seams  of  the  bags  in  order  to  secure  the 
bags  while  filling  them  on  the  beach  face.  The  bags  were  stitched  with 
an  industrial  hand-held  sewing  machine  using  nylon-cotton  thread. 
Photographs  of  two  groynes  constructed  with  the  pyramid-style  units  are 
shown  in  Figures  3-3  and  3-4.  Appendix  A  further  details  the  construc- 
tion of  the  sand  bags. 

The  removal  of  the  barrier  after  each  experiment  must  be  seriously 
considered  during  the  planning  phase  of  the  field  effort.  The  updrift 
impoundment  as  well  as  the  relatively  low  wave  activity  required  for  the 
execution  of  the  experiments  almost  completely  buried  the  groyne  several 
days  after  each  experiment.  This  made  immediate  groyne  removal  all  but 
impossible.  For  this  investigation,  the  top  of  the  bags  were  slit  open 
and/or  removed.  Attempts  at  jetting  the  sediment  out  of  the  opened  bags 
proved  fruitless.  Instead,  the  remains  of  the  bags  were  left  to  await 
the  action  of  erosive  waves  which  quickly  and  effectively  freed  the  bags 
and  swept  the  groyne  site  clear.  The  floating  remains  of  the  bags  were 
then  retrieved  by  hand  when  possible. 

3.2.3  Profiling  Techniques 

A  survey  baseline  was  laid  at  the  base  of  the  primary  dune  parallel 
to  and  71.65  m  seaward  of  the  FRF  baseline.  Stations  were  established 
along  the  baseline   at   9.15  m  spacing,   (Figure  3-5).-  Standard  level, 
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Figure  3-3: 


Groyne  #3  at 
low  tide. 
Photo  by 
D.  Cronin. 


Figure  3-4:   Groyne  #4 — looking  landward  from  updrift  side 
at  mid-tide.   Photo  by  K.  Bodge. 
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Figure  3-5:   Typical  survey  plan  for  the  field  impoundment  experiments. 


chain,  and  rod-man  survey  techniques  were  generally  used  for  the  pre- 
groyne  construction  surveys.  An  OMNI  Total  Station  Transit  was  used  for 
the  night  surveys.  After  dark,  chemical  light  sticks  were  attached 
around  the  OMNI  prism  to  aid  the  transit  operator  in  locating  the  rod- 
man  in  the  surf.  Light  sticks  were  also  used  as  range  markers  for  the 
rod-man  and  to  highlight  hand-signal  communication  between  the  OMNI 
operator  and  the  surf  and  beachface  workers.  The  bullet  site  on  the 
OMNI  was  back-lit  by  a  12-V  lamp  in  order  to  aid  OMNI  targeting.  Most 
of  the  surveys  were  executed  to  1.5  meter  water  depths.  During  the  last 
impoundment  experiment,   the  FRF's  Coastal  Research  Amphibious  Buggy 
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(CRAB)  extended  the  profiles  by  making  two  shore-parallel  transects 
seaward  of  the  rod-man's  maximum  offshore  location. 

Several  surveys  were  made  to  test  the  repeatability  and  accuracy  of 
the  OMNI  survey  system.  Average  vertical  profile  error  was  1.5  cm  and 
the  maximum  error  was  approximately  4  cm. 

3.2.4  Groyne  Deployment  and  Profiling  Procedure 

It  was  found  that  the  most  effective  impoundment  measurements  could 
be  made  when  the  groyne  construction  began  at  the  berm,  just  above  the 
swash  zone  at  high  tide,  and  followed  the  falling  swash  zone  through  low 
tide.  Then,  after  a  one  to  two  hour  lapse  (while  the  pumping  equipment 
was  secured  and  the  survey  gear  deployed),  beach  profiling  commenced  as 
the  tide  rose  such  that  the  waves  were  breaking  within  the  end  of  the 
groyne  and  the  groyne  extended  completely  across  the  surf  zone.  Beach 
profiling  continued  until  the  wave  break  migrated  back  outside  (seaward) 
of  the  end  of  the  groyne  on  the  subsequent  falling  tide.  In  general, 
one  loop  of  profiles  was  taken  on  the  rising  tide  (just  after  the  break 
moved  inside  the  end  of  the  groyne)  and  another  loop  was  taken  on  the 
falling  tide  and  completed  just  as  the  break  moved  back  outside  the  end 
of  the  groyne.  This  resulted  in  two  sets,  or  loops,  of  profiles  which 
described  the  sediment  impoundment  across  the  entire  surf  zone  during 
the  high  water  portion  of  the  tidal  curve.  Each  loop  of  profiles 
typically  consisted  of  ten  survey  lines — 2  downdrift,  6  within  the  trap, 
and  2  "control"  lines  well  updrift  of  the  groyne.  Spacing  along  the 
beach  between  profile  lines  typically  increased  from  about  9  ra  near  the 
groyne  to  about  60  m  far  updrift  of  the  groyne.  Usually,  a  complete 
loop  of  profiles  was  also  taken  in  the  early  morning  or  afternoon  just 
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before  or  during  each  groyne  deployment.   The  elevation  along  the  top  of 
each  groyne  was  surveyed  immediately  after  each  experiment. 

3.2.5  Additional  Measurements 

Longshore  current.  Eulerian  measurements  of  longshore  current  were 
made  at  three  locations  across  the  surf  zone  approximately  185  meters 
updrift  of  the  groyne.  Impellor-type  current  meters  (aligned  shore- 
parallel)  were  mounted  close  to  the  bed  on  5-cm  diameter  jetted  steel 
pipes.  The  data  from  each  of  the  three  current  meters  were  recorded  by 
strip  chart  for  5  minutes  once  or  twice  an  hour  during  the  post-groyne- 
construction  profiling.  Each  current  meter  was  calibrated  in  the 
laboratory  under  steady  flow  conditions  prior  to  the  summer's  field 
work.  The  current  meter  amplifiers  were  typically  set  with  a  10-second 
response  time  in  order  to  dampen  short  period  gravity  wave  fluctuations. 

Waves .  Estimates  of  wave  height  and  one-dimensional  spectra  were 
available  for  the  entire  period  of  each  experiment  from  Baylor  gauges 
located  underneath  the  FRF  pier.  Directional  spectra  data  were  avail- 
able from  the  FRF  P-U-V  directional  wave  gauge  located  south  of  the  end 
of  the  pier  for  the  duration  of  each  experiment.  Observations  of  wave 
type  and  height  within  the  surf  zone  were  made  by  visual  reference  to 
red-and-white  15-cra  graduated  marks  on  the  steel  pipes  which  supported 
the  current  meters.  High-frequency  (HF)  radar  imagery  was  utilized  to 
identify  the  breaker  angle  near  the  shoreline. 

Sediment.  Hand-grab  surface  sediment  samples  were  collected  near 
the  end  of  each  experiment.  Typically,  samples  were  taken  at  three  to 
five  cross-shore  locations  updrift  and  downdrift  of  the  groyne. 
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3.3   Description  of  the  Experimental  Conditions 
3.3.1  Overview 

Four  groynes,  comprising  four  separate  experiments,  were  estab- 
lished during  the  period  July  16  through  August  30,  1984.  (An  attempted 
groyne  deployment  on  September  26  was  aborted  due  to  dangerous  surf 
conditions  and  the  sudden  appearance  of  an  unexpected  northeasterly 
storm.)  The  individual  experiments  will  be  referred  to  as  Groyne  #1, 
#2,  #3,  and  #4.  A  summary  of  each  of  the  four  experiments  is  presented 
in  Table  3-1. 

Of  the  four  experiments  conducted,  the  last  two  were  by  far  the 
most  successful.  The  pyramid-style  "brick-laying"  bag  deployment  system 
was  developed  for  these  experiments  which  enabled  the  rapid  construction 

Table  3-1:   Summary  of  Field  Experiments 


EXPERIMENT   NO. 


TOTAL  #    PROFILE   LOOPS 

3 
1    POST-DEPLOYMENT 
1    MIDNIGHT-  (PARTIAL) 
1    NEXT   MORNING 

4 

1  POST-DEPLOYMENT 

2  MIDNIGHT    (PARTIAL) 
1    NEXT    MORNING 

3 
1    PRE-DEPLOYKENT 
f 1    RISING    TIDE 
I  1    FALLING   TIDE 

5 
1    PRE-DEPLOYMENT 
[l    RISINC  TIDE 
[l    FALLING  TIDE 
[l    RISING  TIDE 
Ll    FALLING  TIDE 

SURF   ZONE   WAVE   HEIGHT 
AND   POSITION   OBSERV. 

V 

■/ 

CURRENT   DATA 

1    DYE    STUDY 

2  >/2  CURRENT   METERS 

3    CURRENT   METERS 

SED.    SAMTLES 

• 

■/ 

■/ 

TRACER    STVIT 

■J 

HP    RADAR   DATA 

«/ 

V 

-t 

HIGH-QUALITY  V 

COMMENTS 

Low  groyne. 
Lcngshore    features. 
Profiling    loops   not 

tied    to   tidal 

cycle. 

Low   groyne. 

Deployed   on 

rising   tide. 

Profiling    loops 
not    tied    to 
tidal    cycle. 

High-quality. 

Higti-quallty. 
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of  a  high-relief  groyne  with  negligible  gaps.  Additionally,  these  two 
experiments  represent  the  most  complete  set  of  data  consisting  of  all 
supplementary  measurements  listed  above.  The  first  two  impoundment 
experiments  were  of  relatively  poor  quality  since  field  procedures  were 
still  under  development.  These  experiments  did  not  employ  the  pyramid- 
style  groyne  system,  nor  was  the  groyne  deployment  and  survey  sequence 
coordinated  with  the  tide.  Accordingly,  the  groynes  were  of  smaller 
relief  and  considerable  impoundment  occurred  during  construction. 

Each  experiment  was  executed  when  the  beach  site  was  fairly  regular 
and  surf  conditions  were  acceptably  small  and  steady.  In  the  summer 
months  along  North  Carolina's  Outer  Banks  the  most  consistent  wave 
events  are  small  (less  than  about  one  meter  breaking  height),  of 
moderate  period  (7-9  seconds),  and  arrive  at  a  relatively  steady  and 
significant  angle  from  the  south  (breaking  angles  between  5°  and  15°  to 
the  shoreline).  These  conditions — most  favorable  for  the  experimental 
procedures  described  herein — result  from  a  high  pressure  system  over  the 
north  Caribbean  which  dominates  the  southeastern  U.S.  coastal  weather 
pattern  during  the  summer.  Tropical  storm  activity  (including  Hurri- 
canes Gloria  and  Isadora),  as  well  as  unexpected  squalls  from  the  north- 
east, interrupted  the  ideal  southerly  wave  climate  for  days  or  weeks  at 
a  time.  In  general,  however,  the  summer  beach  contours  at  the  FRF 
experiment  site  adjust  to  the  dominant  southerly  wave  climate;  the 
shoreline  builds  south  of  the  FRF  pier  and  recedes  north  of  the  pier. 
Figure  3-6  illustrates  typical  nearshore  bathymmetry  at  the  FRF  during 
the  impoundment  experiments.  During  the  intensive  beach  profiling 
intervals  after  groyne  deployment,  no  longshore  features  (such  as  beach 
cusps)  were  observed  in  the  study  area  with  the  exception  of  Groyne  #1. 
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Of  possible  interest,  however,  was  a  cusp  field  (18  to  26  m  wavelengths) 
which  typically  appeared  about  24  hours  after  each  groyne  deployment  and 
extended  updrift  from  a  location  beginning  about  five  groyne-lengths 
from  the  groyne.  It  was  not  clear  whether  the  appearance  of  these  cusp 
fields  was  related  to  the  presence  of  the  groyne. 

All  of  the  experiments  reported  herein  were  executed  during  the 
"ideal"  southerly  wave  events  described  above.  The  approximate  surf 
conditions  for  ea"ch  experiment  are  listed  i-n  Table  3-2.  The  values  in 
the  table  represent  a  synthesis  of  visual  observation,  Baylor  gauge  wave 
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Figure  3-6:  Typical  nearshore  bathymetry  at  the  field  investigation 
site  during  the  impoundment  experiments.  Courtesy  of 
CERC  Field  Research  Facility,  Duck,  N.C. 
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data  from  the  FRF  pier,  HF  radar  imagery,  tidal  data,  and  beach  profile 
data.  The  surf  parameters  listed  most  closely  correspond  to  significant 
values  typical  for  each  experiment.  Figure  3-7  illustrates  the  time 
series  of  (unref racted)  significant  deep  water  wave  height  and  modal 
wave  period  for  each  of  the  experiments,  as  determined  from  Baylor 
gauges  along  the  pier.  Hourly  estimates  of  breaking  wave  angle  (taken 
from  HF  radar  imagery)  were  available  only  for  Groyne  #4,  and  are  illus- 
trated in  Figure  3-8.  Figures  3-7  and  3-8  indicate  that  the  directional 
wave  events  were  quasi-steady  for  each  impoundment  experiment   (with  the 


Table  3-2:   Representative  Surf  Conditions 
for  Field  Experiments  (1984) 

Exp't.      Hb    hb   ab     T    V    mfl  mb2    r3   5b    brkr 

&  Date      (m)    (m)  (deg)   (s)    (m)  (m)         type 


Groyne#l    0.65  0.82   5    8.1   0.37   0.075   0.035   0.8   0.44 
7/27-28 


PL 


Groyne#2    0.52  0.64  6-7   9.0   0.27   0.072   0.038   1.0  0.59  PL/SP 
8/03-04 

Groyne#3    0.60  0.78  5-6   9.0   0.37   0.085   0.042   1.0  0.61    PL 
8/19-20 

Groyne #4 

8/29-30     0.60  0.95  7-8   8.1   0.36   0.077   0.029   .85  0.38  SP/PL 
0900-0500 

Groyne// 4 

8/29-30     0.45  0.70  5-6   8.2   0.24  0.077   0.030   .85   0.46  ~  PL 
0900-1500 


foreshore  bed  slope 


typical  breakpoint  bed  slope 
average  maximum  vertical  runup 
PL=plunging,  SP=spilling 
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Figure  3-7:   Approximate  modal  wave  period  and  significant  (unref racted) 
deep  water  wave  height  during  the  four  field  experiments. 
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Figure  3-3:  Breaking  wave  angle  estimated  from  HF  radar  imagery  during 
the  fourth  field  experiment  (Groyne  #4).  Values  represent 
the  angle  between  the  breaking  wave  and  the  shoreline  (in- 
cidence fron  the  south). 
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possible  exception  of  Groyne  #4 — for  which  the  directional  energy  was 
somewhat  less  during  the  second  impoundment  interval  than  during  the 
first).  The  portions  of  the  beach  over  which  the  groyne  deployment  and 
surveying  were  executed  were  relatively  monotonic  for  each  experiment 
and  were  characterized  by  a  planar  foreshore  and  a  slightly  concave-up 
shape  seaward  of  the  low-water  line.  The  raw  beach  profile  data 
collected  during  the  last  three  experiments  are  tabulated  in  Bodge  and 
Dean  (1985). 

Meteorological  data  were  collected  routinely  by  the  FRF  during  each 
experiment.  Wind  and  precipitation  were  light  to  negligible,  and  no 
drastic  changes  in  atmospheric  pressure  or  temperature  occurred  during 
any  of  the  deployment  or  impoundment  stages  of  the  experiments. 

Each  of  the  groynes  extended  from  the  maximum  extent  of  high  tide 
run-up  to  about  5  meters  seaward  of  the  low  tide  still  water  shoreline 
(i.e.,  about  one  bag-diameter  below  the  low  tide  mean  water  level).  The 
groynes  were  between  30  and  47  meters  in  length.  The  average  relief 
above  the  bed  of  the  pyramid-style  barriers  (Groynes  #3  and  //4)  was 
about  40  cm.  The  average  relief  of  the  first  two  barriers  (Groynes  #1 
and  //2)  was  about  25  cm.  Construction  of  each  groyne  required  the 
pumping  of  70  to  120  tons  of  sediment  and  was  usually  completed  in  an  8- 
hour  period  between  0900  and  1700  E.D.S.T.  by  this  author  and  three  to 
four  other  field  hands.  This  same  field  crew  also  executed  the  round- 
the-clock  beach  profiling  and  wave/current  measurement  tasks  subsequent 
to  each  groyne  deployment.  The  work  was  extremely  intense,  exhaustive, 
and  often  dangerous.  The  success  of  these  experiments  is  directly 
attributable  to  the  competent  and  dedicated  efforts  of  the  seemingly 
tireless  field  hands  who  assisted  this  author. 
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3.3.2  Groyne  #1 

The  first  impoundment  experiment,  Groyne  #1,  was  viewed  as  a  quali- 
tative success  inasmuch  as  a  reasonable  barrier  was  deployed  in  a  short 
period  of  time  and  updrift  impoundment  was  observed.  Beach  profiles 
updrift  of  the  groyne  taken  just  after  and  approximately  15  hours  after 
groyne  deployment  are  shown  in  Figure  3-9.  The  integrity  of  the  barrier 
and  the  quality  of  the  surveys  associated  with  Groyne  #1  are  suspect, 
and  the  presence  of  a  cusp  field  beginning  about  60  meters  updrift  of 
the  groyne  precluded  the  use  of  far-updrift  profiles  as  a  cross-shore 
control  signal.  Accordingly,  the  data  collected  from  this  experiment 
will  not  be  discussed  quantitatively.  It  is  noted,  however,  that  accre- 
tion immediately  updrift  of  the  barrier  was  centered  about  the  upper 
foreshore. 

3.3.3  Groyne  #2 

Construction  of  the  second  groyne  utilized  single,  large  diameter 
sand  bags  laid  end  to  end,  and  was  initiated  below  the  low-water 
shoreline  on  a  rising  (lunar  apogean)  spring  tide.  The  tide  rose  more 
swiftly  than  the  sand  bags  could  be  deployed,  and  so  a  gap  in  the  groyne 
construction  resulted  when  pumping  activity  was  forced  to  move 
upshore.  The  upper  portion  of  the  groyne  was  then  deployed  along  and 
above  the  rising  water  level  and  completed  as  the  tide  crested.  Bags  at 
and  above  the  upper  swash  zone  which  were  not  placed  upon  a  filter  cloth 
sheet  settled  into  the  bed  from  the  jet-like  action  of  the  slurry  pumped 
into  the  bags.  While  waiting  for  the  tide  to  fall  so  that  the  gap  in 
the  groyne  could  be  closed,  impoundment  rapidly  occurred  against  the 
portion  of   the  groyne  which  was  already  constructed.    The  impoundment 
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Figure  3-9:  Beach  profiles  2  hours  (solid  lines)  and  15  hours  (broken) 
lines)  after  deployment  of  Groyne  #1.  Relative  location 
updrift  of  groyne  is  indicated  for  each  pair  of  profiles. 


was  most  prominent  in  the  upper  swash  zone  where  sediment  was  observed 
to  accrete  against  the  groyne  at  a  vertical  rate  of  about  2  mm/minute. 
Single  beach  profiles  were  executed  up-  and  downdrift  of  the  groyne 
during  this  period.   As  the  tide  fell,  the  gap  in  the  groyne  was  closed 


70 
and  additional  bags  were  laid  atop  the  remainder  of  the  groyne,  where 
possible,  to  make  up  for  the  barrier  relief  which  was  lost  due  to 
impoundment  during  high  tide.  Figure  3-10  illustrates  the  groyne 
deployment  sequence  and  tidal  fluctuation  for  Groyne  //2.  It  became 
obvious  that  the  groynes  must  be  deployed  starting  at  the  berm  and 
following  the  tide  falling  down  the  beach. 
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Figure  3-10:   Tidal  fluctuation,   beach  profiling  "loop"  intervals,   and 
groyne  deployment  sequence  for  Groyne  #2. 


The  profile  of  the  completed  groyne  is  shown  in  Figure  3-11 
relative  to  the  beach  profiles  immediately  updrift  and  downdrift  of  the 
groyne  during  construction  and  sixteen  hours  after  completion  of  the 
groyne.  Several  beach  profiles  measured  updrift  and  immediately  down- 
drift  of  the  groyne  during  these  two  times  are  shown  in  Figure  3-12  a 
and  b.  In  the  figure,  each  profile  has  been  horizontally  displaced  such 
that  the  profiles  just  above  maximum  uprush  (i.e.,  at  and  behind  the 
berm)  are  aligned.  This  Is  necessary  for  direct  profile  comparison  along 
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Figure  3-11:  Beach  profiles  three  meters  up-  and  downdrift  of  the  groyne 
(bold  line)  for  Groyne  #2:  (a)  during  groyne  construction, 
and  (b)  approximately  16  hours  after  groyne  completion. 


the  beach  because  the  survey  baseline  was  not  exactly  parallel  to  the 
shoreline.  The  horizontal  shift  for  a  given  profile  is  the  same  in  both 
Figures  3-12  a  and  b.  Considering  that  the  beach  profiles  were  fairly 
uniform  before  groyne  deployment  commenced,  it  is  observed  from  Figure 
3-12a  that  the  profile  immediately  updrift  of  the  groyne  (-3m),  and  to 
some  extent  the  profile  just  further  updrift  (-9ra),  accreted  considera- 
bly during  the  first  stage  of  groyne  construction — as  described  earlier. 
The  profiles  further  updrift  and  immediately  downdrift  are  recessed 
relative  to  these  two  profiles.  After  groyne  completion  (Figure  3-12b) 
the  foreshore  continued  to  accrete  on  the  updrift  side,  but  eroded  on 
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the  downdrift  side.   The  profiles  below  NGVD  remained  relatively  steady 
during  the  experiment,  although  some  accretion  apparently  occurred  just 
downdrift  of  the  groyne.    The  mean  tidal  level  during  the  interval 
between  the  two  loops  of  profiles  was  5  cm  below  NGVD. 
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Figure  3-12:  Beach  profiles  updrift  and  immediately  downdrift  of  the 
barrier  for  Groyne  #2:  (a)  during  groyne  construction,  (b) 
approximately  16  hours  after  groyne  completion.  Profiles 
are  horizontally  shifted  for  approximate  berm  alignment. 
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3.3.4  Groyne  #3 

The  third  experiment  was  the  first  to  use  the  pyramid-style  groyne 
deployed  during  a  falling  tide.  Construction  began  at  the  berm  just 
before  high  tide  and  rapidly  reached  the  still  water  shoreline  as  the 
water  level  crested.  Unfortunately,  the  neap  high  tide  lingered  much 
longer  than  was  expected  relative  to  the  groyne-deployment  time.  Sedi- 
ment impoundment  began  in  the  swash  zone  as  the  field  crew  awaited  the 
fall  of  the  tide  so  that  further  deployment  could  proceed.  (Bag-filling 
in  still  water  depths  greater  than  about  one  bag  diameter  had  earlier 
proven  ineffective.)  The  groyne  was  finally  completed  to  a  depth  of 
about  20  cm  below  the  low  tide  water  level  as  darkness  fell.  The 
difficulty  experienced  during  Groyne  #3  was  that  deployment  proceeded 
much  more  quickly  than  expected.  Indeed,  the  pyramid-style  construction 
rapidly  created  a  substantial  and  comely  barrier  of  high  integrity. 
Figure  3-13  illustrates  the  tidal  fluctuation  and  groyne  deployment 
sequence  for  Groyne  #3. 

In  addition  to  a  pre-deployment  loop,  two  survey  loops  were  taken 
after  groyne  deployment:  one  each  on  the  rising,  then  falling,  tide 
while  the  surf  zone  was  bounded  by  the  barrier.  The  movement  of  the 
surf  zone  across  the  beach  relative  to  the  groyne  and  during  the 
interval  between  surveys  is  depicted  in  Figure  3-14.  The  Eulerian 
measure  of  mean  longshore  current  over  time  at  each  of  three  locations 
is  also  shown  in  the  figure.  The  distance  offshore  (extreme  left 
vertical  axis)  is  referenced  to  the  survey  baseline.  The  approximate 
corresponding  location  of  the  groyne  is  shown  on  the  extreme  right  of 
the  figure.  Since  the  baseline  was  not  precisely  shore-parallel,  the 
surveyed  location  of  the  groyne  is  not  directly  transf errable  to  other 
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profile  stations.   Accordingly,  the  groyne  location  shown  in  the  figure 
was  determined  by  transferring  the  depth  contours  which  the  groyne 
occupied  to  the  contours  measured  at  the  station  where  the  current  and 
visual  surf-observation  data  were  recorded. 
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Figure  3-13:   Tidal  fluctuation,   beach  profiling  "loop"  intervals,   and 
groyne  deployment  sequence  for  Groyne  773. 


Figure  3-15  comparatively  illustrates  the  beach  profiles  immedi- 
ately up-  and  downdrift  of  the  barrier  (a)  before,  (b)  two  hours  after, 
and  (c)  seven  hours  after  deployment.  From  Figure  3-15a,  it  is  readily 
seen  that  the  barrier  was  constructed  on  an  initially  undisturbed  beach, 
as  desired.  Considerable  downdrift  recession — immediately  adjacent  to 
the  groyne — occurred  about  the  mean  water  level.  Elsewhere  along  the 
groyne,  the  downdrift  side  showed  little  net  change  except  for  some 
accretion  near  the  seaward  end.  Accretionary  features  are  observed 
updrift  of  the  groyne  well  above  the  mean  water  level  and  towards  the 
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end  of  the  groyne.  A  localized  loss  is  observed  just  below  the  mean 
water  level  immediately  updrift  of  the  groyne.  The  initially  perplexing 
appearance  of  a  small  loss  on  the  updrift  side — and  some  accretion  on 
the  downdrift  side — was  later  observed  during  the  laboratory  impoundment 
experiments  and  is  discussed  in  Chapter  7. 


GROYNE   #3 


40 


30- 


W°r<3  origin  0f  swash 


TIME  (E.DS.T.) 


I 

Begin 
2nd  Loop 


I  I 

End  Begin 

2nd  Loop         3rd  Loop 


I 

End 
3rd  Loop 


Figure  3-14:  Time  history  of  surf  zone  location  and  mean  longshore  cur- 
rents during  Groyne  #3;  8/19-20/84.  Positive-valued  long- 
shore current  indicates  flow  towards  the  north. 
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Figure  3-15:  Beach  profiles  three  meters  up-  and  dovmdrift  of  the  groyne 
(bold  line)  for  Groyne  #3:  (a)  before,  (b)  two  hours  after 
and  (c)  seven  hours  after  groyne  deployment. 
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Two  sets  of  profile  changes  relatively  far  updrift  of  the  groyne 
(two  or  three  groyne  lengths  away)  are  illustrated  in  Figure  3-16. 
Assuming  that  the  presence  of   the  barrier  did  not  affect   these 
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Figure  3-1&:  Representative  beach  profiles  measured  far  updrift  of  the 
barrier  for  Groyne  #3:  before,  two  hours  after,  and  seven 
hours  after  groyne  deployment.  Location  of  profiles  rela- 
tive to  groyne  is  indicated  for  each  set  of  profiles. 
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locations  (a  reasonable  assumption  based  upon  laboratory  results),  the 
updrift  profile  changes  indicate  that  the  beach  was  undergoing  accretion 
along  the  foreshore  and  just  below  NGVD  by  cross-shore  processes  during 
groyne  deployment,  (0900  to  1930  hours).  The  far  updrift  profiles  were 
relatively  stable  after  groyne  deployment  except  for  some  profile 
adjustments  about  NGVD.  The  mean  water  levels  between  the  first  and 
second  survey  loops  and  the  second  and  third  survey  loops  were  0.30  m 
and  0.42  m  above  NGVD,  respectively. 

Half-hourly  wave  observations  of  wave  height  and  type  were  made  at 
selected  offshore  locations  during  the  post-deployment  survey  interval 
and  are  presented  in  graphical  form  in  Figure  3-1 7a.  The  average 
(Eulerian  record)  longshore  current  measured  at  these  same  offshore 
locations  is  presented  in  Figure  3-17b.  The  longshore  current  was  pre- 
viously illustrated  as  a  function  of  offshore  location  in  Figure  3-14. 
In  Figure  3-17,  the  longshore  current  and  wave  data  are  shown  as  a 
function  of  the  still  water  depth.  This  presentation  was  accomplished 
by  noting  the  NGVD-ref erenced  elevation  of  each  offshore  observation 
point,  zQ,  and  the  NGVD-ref erenced  tidal  water  level,  n,  during  each 
wave  or  current  measurement.   The  still  water  depth  corresponding  to 

each  measurement  was  then  calculated  as  z   -  n. 

o 

3.3.5  Groyne  #4 

Groyne  #4  was  the  most  successful  experiment  of  the  four  attempted. 
A  pyramid-style  groyne  was  constructed  atop  the  remains  of  Groynes  #2 
and  #3,  which  surfaced  the  evening  before  the  fourth  experiment  began. 
The  pre-deployment  beach  survey  indicated  that  the  groyne  remnants  had 
not  seriously  altered  the  site  bathymetry  except  for  immediately  updrift 


79 


*   0.1 


0.6 


0.4 


8    0.2 


0.0 
06 


0  Peaking 

•  Breaking 

x  Tronslatory 

o  Bore 

£  Swash 


J    04 


_     o      o 


d   0.2 


£    0.0 

Q 


-0.2 


*  t  ••• 


'•IT ! 


°     0  0. 


OO     r,       f-C       O 


-0.2  0-  0.4  0.8 

STILL  WATER    DEPTH     (m) 


1.2 


Figure  3-17:  (a)  Visual  observation  of  wave  height  and  types,  and  (b) 
Eulerian  measurement  of  longshore  current  across  the  surf 
zone  during  the  post-groyne  deployment  interval  of  Groyne 
#3;  (8/19/84-1840  through  8/20/84-0500  EDST).  Positive- 
valued  current  indicates  flow  towards  the  north. 


of  the  old  sand  bags  (mostly  irregular  scour  holes).  The  groyne  was 
deployed  from  the  berm  to  below  the  low  water  line  on  a  falling  (lunar 
perigean)  spring  tide.  Figure  3-18  illustrates  the  tidal  fluctuation 
and   groyne  construction  sequence  for   Groyne  #4. 
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Figure  3-18: 
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Tidal  fluctuation,   beach  profiling  "loop"  intervals,   and 
groyne  deployment  sequence  for  Groyne  #4. 


In  addition  to  the  pre-deployment  survey  loops,  profile  loops  were 
taken  after  groyne  deployment  on  the  rising,  then  falling,  tide  when  the 
surf  zone  was  bounded  by  the  barrier.  Another  two  loops  were  taken 
during  the  subsequent  rising,  then  falling,  tide  several  hours  later. 
Inspection  of  the  barrier  before  execution  of  the  last  two  survey  loops 
indicated  that  the  impoundment  area  was  not  yet  filled  to  capacity. 
Figures  3-19  and  3-20  illustrate  the  movement  of  the  surf  zone  relative 
to  Groyne  #4  during  the  two  survey  loop  impoundment  intervals  after 
groyne  deployment. 

Figure  3-21  illustrates  the  groyne  profile  compared  to  the  beach 
profiles  immediately  up-  and  downdrift  during  the  third  and  fifth  survey 
loops.  (These  loops  may  be  each  thought  of  as  the  termination  of  an 
ideal  surveyed-impoundraent  interval.)  It  is  seen  that  the  updrift  side 
generally  accreted  all  along  the  prof ile— relative  to  the  downdrift 
side — during  the  survey  period. 


40- 


30 


8/29/84 


TIME    (E.D.S.T.) 


2000 


t        i        i 1 1 1 1 r 

2100        2200        2300      0000 


Begin 
2nd  Loop 


8/5CV84» 

~ I 1 1 1 1 

0100       0200      .0300 


End  Begin 

2nd  Loop     3rd  Loop 


End 
3rd  Loop 


Figure  3-19:  Time  history  of  surf  zone  location  and  mean  longshore  cur- 
rents during  Groyne  #4,  first  post-groyne  deployment  survey 
interval  (8/29-30/84).  Positive-valued  longshore  current 
indicates  flow  towards  the  north. 


Figures  3-22  and  3-23  illustrate  the  beach  profile  changes  over 
time  immediately  down-  and  updrift  of  the  barrier,  respectively,  for  the 
impoundment  intervals  of  profile  loops  1-2-3  and  4-5.  The  scour 
observed  on  the  updrift  side  before  groyne  deployment   rapidly  filled  in 
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Figure  3-20:  Tiae  history  0f  surf  zone  location  and  niean  longshore  cur- 
rent during  Groyne  #4,  second  post-groyne  deployment  survey 
interval  (8/30/84).  Positive-valued  longshore  current 
indicates  flow  towards  the  north. 


during  barrier  construction.  (It  is  noted  that  the  barrier  was  wetted 
by  swash  as  it  was  constructed.)  The  downdrift  side  receded  slightly 
during  barrier  construction;  but  like  Groyne  #3,  the  downdrift  and  up- 
drift  sides  showed  both  localized  accretion  and  recession  after  barrier 


83 


1.5 


1.0 


05 


1:    00 

z 
2-0.5 

< 

> 


1.0 


0.5 


0.0- 


Groyne  #  4 
3m  Updrift 
3  m  Downdnft 


30 


Q5 —  i l]   20  hours  after  groyne  deployment 


40         50         60 
DISTANCE  FROM  BASELINE  (  m) 


Figure  3-21:  Beach  profiles  3  m  up-  and  downdrift  of  the  barrier  (bold 
line)  for  Groyne  #4:  (a)  approximately  6  hours  after 
groyne  construction  (profile  loop  3)  and  (b)  approxi- 
mately 20  hours  after  groyne  construction  (loop  5). 


construction.  Profile  changes  two  groyne-lengths  updrift  of  the  barrier 
are  shown  in  Figure  3-24.  These  changes  are  typical  for  the  profiles 
far  updrift  of  the  barrier  for  Groyne  #4.  It  is  seen  that  the  beach  was 
generally  accretive  during  the  barrier  construction  and  first  impound- 
ment periods,  with  slight  foreshore  accretion  during  the  last  impound- 
ment period.  In  general,  however,  the  far-updrift  (undisturbed)  beach 
profiles  were  relatively  steady. 
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Figure  3-22:   Beach  profiles   3  m  downdrift  prior  to  and  after  construc- 
tion of  the  barrier  for  Groyne  #4. 
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Figure  3-23:   Beach  profiles  3  m  updrift  prior  to  and  after  construction 
of  the  barrier  for  Groyne  #4. 
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Figure  3-24:   Beach  profiles  91.4  ra  updrift  prior  to  and  after  construe 
tion  of  the  barrier  for  Groyne  #4. 


Visual  observations  of  wave  height  and  type  and  longshore  current 
data  are  presented  in  Figures  3-25  and  3-26  a  and  b,  respectively,  for 
the  post-deployment  survey  intervals.  Presentation  of  the  data  in  these 
two  figures  was  accomplished  in  the  same  manner  as  described  earlier  for 
Figure  3-17. 
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Figure  3-25:  (a)  Visual  observation  of  wave  height  and  type,  and  (b) 
Eulerian  measurement  of  longshore  current  across  the  surf 
zone  during  the  first  post-groyne  deployment  impoundment 
interval  of  Groyne  H  (3/29/84-2016  through  8/30/84-0230 
EDST).   Longshore  current  was  towards  the  north. 
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Figure  3-26:  (a)  Visual  observation  of  wave  height  and  type,  and  (b) 
Eulerian  measurement  of  longshore  current  across  the  surf 
zone  during  the  second  post-groyne  deployment  interval  of 
Groyne  #4  (8/30/84  1000  through  1410  EDST).  Longshore 
current  was  towards  the  north. 

3.3.6  Sediment  Characteristics 

The  size  distribution  of  sediment  samples  collected  during  and/or 
immediately  after  each  experiment  is  listed  in  Table  3-3.  It  is  noted 
that  Groyne  #4  was  executed  in  the  presence  of  relatively  coarse  upshore 
sediment,  and  the  sediment  on  the  downdrift  side  of  Groyne  #4  was 
considerably  finer  than  on  the  updrift  side  due  to  selective  by-passing. 
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Table  3-3:  Sediment  Grain  Size  Distribution — Field  DatJ 


LOCATION 
(distance 
from  groyne/ 
distance  from 
baseline  (m))* 

^50 
(mm) 

2.00 

0.84 

%  FINER  THAN: 
(mm) 

0.42     0.246 

0.149 

0.105 

Groyne  #4 

+5/43 

.29 

98.4 

80.9 

65.1 

38.8 

3.0 

1.0 

-2/41 

.83 

93.0 

51.7 

28.9 

14.9 

1.6 

0.1 

+5/52 

.41 

94.4 

66.9 

51.9 

27.8 

2.0 

0.1 

-2/52 

.84 

81.9 

49.0 

39.3 

27.4 

3.2 

0.4 

+5/71 

.25 

96.9 

86.2 

78.8 

51.0 

4.7 

1.3 

-2/72 

.23 

98.7 

95.2 

93.1 

57.1 

6.6 

2.0 

-37/37 

1.15 

99.3 

30.6 

11.8 

6.4 

0.9 

1.1 

-37/41 

.89 

76.1 

47.9 

30.5 

16.6 

1.7 

0.9 

-37/48 

1.10 

83.7 

45.1 

49.2 

30.1 

3.2 

1.1 

-37/61 

.25 

94.9 

80.8 

72.7 

46.5 

3.1 

0.4 

-37/72 

.25 

96.7 

88.9 

82.9 

46.7 

6.6 

3.4 

Groyne  #3 

+3/58 

.22 

98.8 

89.1 

81.3 

59.3 

4.1 

2.4 

+3/67 

.20 

98.1 

91.3 

84.1 

69.5 

5.9 

1.4 

+3/43 

.16 

— 

97.2 

93.7 

80.5 

6.6 

2.0 

Groyne  #2 

■ 

+3/43 

.24 

— 

— 

98.5 

62.2 

3.7 

0.8 

-3/43 

.23 

— 

— 

99.1 

69.6 

4.1 

0.8 

+3/51 

.23 

— 

99.0 

95.0 

66.4 

7.0 

3.0 

-3/51 

.22 

99.6 

97.6 

88.8 

58.4 

4.6 

1.7 

+3/65 

.42 

88.8 

62.0 

52.4 

40.8 

7.4 

3.6 

-3/65 

.17 

93.1 

83.8 

81.3 

73.6 

11.8 

2.2 

+3/79 

.15 

98.0 

95.5 

94.2 

88.4 

22.0 

3.6 

-3/79 

.17 

97.6 

96.5 

95.2 

88.7 

23.6 

4.3 

*  (+)  =  downdrift,  (-)  =  updrift 


CHAPTER  4 

TIDAL  DECONVOLUTION  AND 

REMOVAL  OF  CROSS-SHORE  TRANSPORT 

EFFECTS 


4.1  Introduction 


This  chapter  describes  the  methodologies  developed  to  remove  tidal 
and  cross-shore  effects  from  the  impoundment  (survey)  data  in  order  to 
isolate  the  longshore  sediment  transport  signal  along  a  series  of  depth 
contours  for  each  experiment.  Additionally  described  are  methodologies 
developed  to  assess  the  effectiveness  of  each  groyne  as  a  longshore 
transport  impoundment  agent  across  the  surf  zone. 

4.2  General  Description  of  Approach 
Consider  a  beach  with  a  shore-perpendicular  barrier  (Figure  2-1) 
with  x-,  y-,  and  zQ-axes  directed  offshore  from  a  baseline,  alongshore 
from  the  barrier,  and  positive-upwards  from  the  National  Geodetic 
Vertical  Datum  (NGVD)  or  other  fixed  reference,  respectively.  An 
alternate  vertical  axis,  z,  is  defined  positive-upwards  from  the  still 
water  level  (SWL).  Any  particular  water  depth  contour  h  (defined  as 
positive  below  SWL)  can  be  expressed  by  h  =  -z.  At  time  t,  the  eleva- 
tion of  the  still  water  level  relative  to  NGVD  is  n"(t)  and  is 
referred  to  here  as  "tide."  The  vertical  coordinates  z  and  z  are 
therefore  related  by 

z(t)  =  Zq   -   n(t)  (4.!) 
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Figure  4-1:  The  coordinate  system  adopted  for  a  three-dimensional  beach 
with  a  shore-perpendicular  barrier  and  fluctuating  tidal 
water  level. 
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The  "conservation  of  sand"  equation  describes  the  vertical  rate  of 
change  of  bed  elevation  at  a  fixed  point  (x,y,z  ),  as 


3z 

c 

at 


=  -(- 


,3q  (y)   3q„(x) 


3x 


3y 


-) 


(4.2) 


where  qx(y)  and  qy(x)  represent  the  local  cross-shore  and  longshore 
sediment  transport  rates  per  unit  width,  respectively.  The  local  bed 
slope  m  at  this  point  is  defined  by  the  traditional  convention: 


3z 
c 

3x 


(4.3) 


The  cross-shore  and  longshore  components  of  the  sediment  transport  rate 
may  then  be  expressed  as 


qx(z)  =iqx(y) 


q  (z)  =  —  q  (x) 

y      m  y 


(4.4) 


where  qx(z)  and  qy(z)  represent  the  local  cross-shore  and  longshore 
sediment  transport  rates  per  unit  depth,  respectively,  and  where  z  is 
given  by  Eq.  (4.1).   Equation  (4.2)  can  therefore  be  written  as 


at 


=  -  (- 


3q  (z)    3q  (z) 


3x 


3y 


z=z  -n(t) 
o 


(4.5) 


The  left  hand  side  of  Eq.  (4.5)  describes  the  horizontal  rate  of  growth 

(or  recession)  of  the  beach  at  reference  elevation  z  which  corresponds 

to  the  instantaneous  depth  contour  or  elevation   z  =  z  ~"n(t).     The 

o 

right  hand  side  is  the  horizontal  divergence  of  the  total  transport  rate 
along  the  contour  z.  For  brevity  of  notation,  Eq.  (4.5)  is  re-written 
as  follows, 
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9x       t       ■*" 
— —    =  -  v  •  q 

8t  z  (4.6) 


=  A  (z)  +  A  (z)   =  A(z) 

x     y 


where  A(z)  is  hereafter  referred  to  as  the  "total  transport  function", 
and  Ax(z)  and  Ay(z)  are  the  contributions  to  the  so-called  total 
transport  function  due  to  cross-shore  and  longshore  transport. 

In  practice,  the  total  transport  function  A(z)  was  developed  along 
a  series  of  contours  z  through  tidal  deconvolution  from  the  measured 
horizontal  profile  change  9x  ~  Ax  (or  average  rate  thereof, 
3x/3t  ~  Ax/At)  at  a  series  of  reference  elevations  z  for  which  the 
relationship  between  z  and  zQ  was  known  through  Eq.  (4.1)  and  the 
measured  tide  data.  The  cross-shore  component  A  (z)  of  the  total 
transport  function  was  then  identified  along  each  contour  z  and  was 
subtracted  from  the  total  transport  function  to  yield  the  longshore 
component  Ay(z).  The  local  longshore  transport  rate  along  each  contour 
z  was  then  developed  through 

VZ)  =  /J*  Ay(z)  9y  <4'7> 

where  y*  is  defined  as  the  updrift  limit  of  perturbation,  (i.e., 
impoundment),  caused  by  the  presence  of  the  barrier. 

4.3  Tidal  Deconvolution 
4.3.1   "Simple"  Tidal  Deconvolution 

In  the  first  tidal  deconvolution  scheme  developed,  the  average  rate 
of  horizontal  profile  change  between  surveys  was  calculated  from  the 
profile  data  for  a  series  of  reference  elevations,  z  .   Specifically, 
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for  a  given  profile  along  the  beach, 


x(z  ,t.)  -  x(z  ,t  ) 

"      J  °  ±-  (4.8) 


to  -  t, 


where  the  coordinate  x(zQ,t1)  refers  to  the  baseline-referenced  distance 
x  corresponding  to  the  reference  elevation  z  for  a  survey  taken  at  time 
t^.  In  practice,  the  values  of  x  for  each  profile  were  determined  by 
linear  interpolation  of  each  profile's  survey  data  for  a  series  of  NGVD 
elevations  zQ  vertically  separated  by  Az  =  0.1  m  spacing.  Physically, 
Eq.  (4.8)  represents  the  average  rate  of  volumetric  accretion  or  reces- 
sion at  reference  elevation  zQ  per  unit  beach  width  per  unit  beach 
height. 

The  average  rate  of  horizontal  profile  change  determined  at  each 
reference  elevation,  as  described  above,  was  assumed  to  correspond  to 
the  time-  or  tidally-averaged  water  depth  calculated  at  each  reference 
elevation  over  the  interval  for  which  each  reference  elevation  was  wet- 
ted. Specifically,  the  contour  or  elevation  z  (relative  to  the  still 
water  level)  for  each  reference  elevation  z  was  approximated  by 

z  =  zq  -  n(t1,t2)  (4.9) 

where  utt^t^  is  the  mean  value  of  the  tide  between  times  t,  and  t2« 
In  general,  t±  and  t2  represent  the  first  and  last  times,  respectively, 
for  which  the  reference  elevation  zQ  was  submerged  by  the  swash  or  the 
mean  water  level;  that  is,  z  <  n(t)+R(t),  where  R  is  the  average 
maximum  vertical  wave  runup.  Of  course,  t1  and  t2  are  bounded  by  the 
times  at  which  the  surveys  of  the  given  profile  line  were  taken.  This 
first  tidal  deconvolution  technique,  which  relies  on  tidal-averaging, 
was  termed  "simple"  tidal  deconvolution. 
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Figure  4-2  illustrates  the  simple  deconvolution  approach  for  the 
case  where  the  first  survey  of  a  profile  line  was  taken  on  a  rising  tide 
and  the  second  was  taken  on  the  falling  tide.   In  Figure  4-2,  the  rate 
of  profile  change  occurring  at  zQ  is  Axj/Atj  which  represents  the 
transport  process  corresponding  to  a  depth  contour  z  =  zQ  -  n(t  ,t  ). 
At   reference   elevation  zQ2  the   rate   of   profile   change    Ax  /At 
corresponds  to  a  depth  contour  z  =  zQ     -   ^(t,,t_). 


First  Survey 
of  Profile  Line 


Second  Survey 
of  Profile  Line 

'2 


Figure  4-2:  "Simple"  tidal  deconvolution:  the  rate  of  profile  change, 
Ax/At,  and  an  average  value  of  the  depth  contour,  z,  is  cal- 
culated for  a  given  reference  (NGVD)  elevation  z  . 

o 


4-3.2  Matrix  Tidal  Deconvolution 

The  second  tidal  deconvolution  scheme,  termed  "matrix"  tidal  decon- 
volution, was  based  upon  the  assumption  that  the  rate  of  horizontal 
profile  change  is  uniquely  determined  for  each  water  depth  (for  a  given 
surf  condition).  Therefore,  the  measured  (or  interpolated)  beach 
profile  change  at  a  given  reference  elevation  is  determined  by  the  local 
rate  of  horizontal  profile  change  associated  with  those  depth  contours 
which  move  with  the  tide  across  the  given  elevation.   Specifically,  with 
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reference  to  Eq.  (4.1),  the  total  transport  function  (or  rate  of  profile 

change)  defined  at  depth  contour  z  will  affect  the  NGVD  elevation  z 

o 

during  those  times  t  when  z  is  equal  to  z  -  n(t).   That  is, 

H 

dx(z  )  =  /   A(z  -  n(t))  dt  (4.10) 

Figure  4-3  illustrates  the  concept  of  this  tidal  deconvolution  approach. 
A   discrete   form  of   Eq.   (4.10)   was   utilized   for   practical 
application  to  the  data;  i.e., 


M 

Ax  (z   )  =  I   a    A  (z  )  (4.11) 

no     u     n,m  m  m  ^'1^ 


The  term  an>m  is  the  elapsed  time  over  which  NGVD  elevation  z   was 

°n 
wetted  to  a  depth  z^.        During  the  time  intervals  a   ,  a  horizontal 

profile  change  Axn  at  zQ     resulted  due  to  the  action  of  the  transport 

n 

function  Am=(dx/dt)m  associated  with  the  contour  z  . 

In  Eq.  (4.11),  profile  changes  AxR  between  surveys  were  readily 

developed  from  the  data  base  and  archived  for  N  values  of  z    in  Az 

°n       ° 
increments  of  0.1  m,  as  described  in  the  previous  section.   The  values 

an,m  were  obtains<3  for  any  given  set  of  surveys  through  the  use  of  iiq. 

(4.1)  and  tidal  records,  n(t).    The  discrete  total  transport  function 

Am^zm^  was  evaluated,  then,  from  the  linear  set  of  equations 

^V       all   a12   •*•   alM      Vzl> 
Ax2(«o2>   =   a21   a22   *••   a2M      A2(z2> 

AxN(zoH)        3N1   aN2   •*•   aNM      AM^ZM)  <4'12) 
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A(z) 


Figure  4-3:  "Matrix"  tidal  deconvolution:  the  profile  change,  Ax,  at 
a  reference  (NGVD)  beach  elevation,  z  ,  is  assumed  to  be 
the  result  of  a  transport  function,  A(z),  which  moves  vert- 
ically across  the  profile  with  the  tide. 


Or,  solving  for  A(z) 


.-1. 


A(z)   -  A  *  Ax(z  ) 
o 


(4.13) 


Calculation  of  the  elements  of  matrix  A  is  described  in  Appendix  B. 

In  the  discrete  approach  suggested  by  Eq.  (4.12),  the  beach  is 
essentially  divided  into  N  horizontal  layers  of  vertical  dimension 
Azq.  Each  layer  grows  or  recedes  horizontally  by  the  amount  Ax  over 
the  survey  period  of  interest.  The  highest  layer  on  the  beach  for  which 
Axn  data  is  available  is  denoted  n=l ;  the  deepest  layer  is  n=N. 
Similarly,  the  total  transport  function  is  divided  into  M  discrete 
values  which  are  defined  at  the  center,  zffl,  of  M  depth  contour  layers. 
Each  depth  contour  layer  has  a  thickness  Az.   The  top  surface  of  the 


98 
upper-most  contour  layer,  z^   +y  Az,  is  the  maximum  average  vertical 
run-up  R.   The  bottom  surface  of  the  deepest  layer,  (z  =  z  -  —  Az),  must 
correspond  to  the  greatest  water  depth  which  covered  any  part  of  the 
surveyed  beach  for  which  Axn  data  are  available;  that  is, 

zm-|Az  -«0  "  WW  <4-14> 

N 
where  t^  and  t^   are  the  time  limits  over  which  AxN  was  measured.   It  can 
be  shown  that  the  appropriate  spacing  of  the  depth  contours  is  selected 
as 

A       N_1   A 

Az  -—  Azo  <4'15> 

For  N=M,  and  reasonably  large  values  of  N  (or  correspondingly  small 
values  of  Azq  relative  to  the  tidal  range),  Az  is  approximately  equal  to 
AzQ.  For  the  limiting  case,  Az  =  Az  ,  the  highest  layer  on  the  beach, 
z  ,  is  wetted  only  by  the  upper-most  depth  contour  z1  (which 
corresponds  to  the  top  of  the  swash  zone).  The  second-highest  layer  on 
the  beach,  z  ,  is  wetted  by  the  upper  two  depth  contours:  contour  z, 
during  the  interval  just  before  and  after  peak  high  tide,  and  contour  z2 
during  the  peak  high  tide  (while  zq  is  wetted  by  z^).      One  can  extend 

this  reasoning  down  the  beach  through  layer  z„   and  will  find  that  A  is 

°N 


a  lower  triangular  matrix.   The  solution  A(z)  for  such  a  matrix  is  very 
simple.   From  Eq.  (4.13), 


W  =^  Axi 


A2(z2)  =I^[Ax2-a21Al] 

,        m-1 
A  (z  )  =  [Ax  -  T   a   A  1  (4.16) 
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The  solution  for  Am(zm)  "ripples"  from  the  top  of  the  swash  zone  down 
through  the  greatest  depth  contour  zM.  Unfortunately,  survey  errors 
reflected  by  the  values  Axn  will  propagate  through  such  a  solution 
scheme  and  create  oscillatory  instabilities.  For  example,  an  under- 
estimate of  AXl  will  generate  a  too-low  value  of  A,.  This  will  lead  to 
an  overestimate  of  A2  in  order  to  satisfy  the  value  Ax2-  This,  in  turn, 
will  lead  to  a  compensating  underestimate  of  Ao,  and  so  on. 

If  N  is  large  and  N=M  such  that  Azq=Az  and  no  linear  apportionment 
is  done  in  the  creation  of  the  elements  an  (see  Appendix  B),  then  it 
can  be  shown  that  A  is  a  lower  triangular  banded  matrix  for  which  each 
row  in  the  band  is  identical.  The  bandwidth  Kfe  is  equal  to  the  number 
of  zQ  contours  which  the  tide  n  passed  through  during  the  period  over 
which  the  Ax  values  were  obtained.    For  such  a  case,  the  "ripple" 


solution  of  A(z)  described  by  Eq.  (4.16)  comes  about  because  the  first 

Kb-1  beach  layers,  z   ,  z   ,  ...  z     ,  were  wetted  by  only  1,  2,  ... 
1     2       "Kb-1 

Kfc-1  separate  depth  contours,  respectively.  The  "ripple"  solution  is 
avoided  if  the  set  of  equations  (Eqs.  (4.12)  or  (4.13))  is  over- 
constrained;  that  is,  if  N  >  M.  It  appears  appropriate  that  a 
reasonable  over-constraint  is  to  let 

M  =  N  -  (Kb-1)  (4.17) 

Accordingly,  from  Eq.  (4.15), 


Az   =   N-l 

Az    N-K  +1  (4.18) 

o      b 


The  over-constrained  set  of  equations  (that  is,  Eqs.  (4.12)  or 
(4.13),  where  N>M)  are  solved  for  A(z)  by  a  least-squares  technique 
described  in  Appendix  C. 
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Valid  application  of  the  matrix  tidal  deconvolution  requires  that 
both  cross-shore  and  longshore  processes  are  quasi-steady  during  the 
time  interval  between  successive  surveys  and  that  neither  process  is 
affected  by  the  gradual  accretion  (or  erosion)  caused  by  longshore 
accumulation  in  the  trap  or  background  cross-shore  processes.  In  its 
simplest  form,  the  technique  also  requires  that  the  measured  beach 
profiles  are  monotonic;  that  is,  that  the  locations  of  each  reference 
elevation  across  the  profiles  are  uniquely  defined.  Additionally, 
matrix  tidal  deconvolution  assumes  that  the  transport  processes  are 
dependent  only  upon  local  depth  and  not,  among  other  parameters,  local 
bed  slope.  Dean  (1977)  suggests  that  profile  change  is  dependent  upon 
both  parameters;  however,  it  is  noted  that  for  the  data  collected  in  the 
field  experiments,  the  slope  was  relatively  uniform  along  most  of  the 
measured  profiles,  and  so  the  effect  of  a  non-uniform  beach  slope  in  the 
tidal  deconvolution  may  be  small  for  the  field  data. 

4.3.3  Illustrative  Evaluation  of  Tidal  Deconvolution  through 
Numerical  Simulation 

A  numerical  simulation  was  conducted  to  evaluate  each  of  the  three 
tidal  deconvolution  techniques  described  above:  (a)  simple  deconvolu- 
tion, (b)  matrix  deconvolution  where  N=M,  and  (c)  least-squares  matrix 
deconvolution  where  N  >  M.  For  the  simulation  studies,  arbitrary  but 
reasonable  initial  beach  profiles,  x(z0,tQ),  tidal  fluctuation,  n(t), 
and  total  transport  functions,  A(z),  were  specified.  The  simulation 
proceeded  in  a  manner  similar  to  that  graphically  illustrated  in  Figure 
4-3.  The  initial  beach  profile  changed  in  response  to  the  prescribed 
transport  function  and  tidal  water  level  according  to  the  numerical 
scheme 
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Xn(Zo  'fci)  =  Xn^Zo  'VJ   +  *(z)  *  ^i-V^         (4*19) 
n  n 

That  is,  the  profile  change  at  fixed  elevation  z   was  determined  by  the 

o  J 

n 

prescribed  transport  function  A(z)   (where  depth  contour  z  corresponds 

to  the  still  water  depth  at  fixed  elevation   z    during  the  time  step 

n 
ti-l  t0  tO' 

Each  of  the  three  tidal  deconvolution  algorithms  was  utilized 

individually  in  an  attempt  to  recover  the  prescribed  total  transport 

function  A(z)   from  the  numerically-simulated  profile  changes  Ax  and 

the  simulated  tidal  data  n(t)  for  arbitrary  times  t1  to  to.    The 

tidally-deconvolved  transport  functions  A(z)  were  then  compared  to  the 

prescribed  transport  functions  A(z).     The  total  rms  error  between  the 

profile  changes  generated  by  the  deconvolved  transport  functions  Ax  and 

the  prescribed  transport  functions  Ax  was  calculated  as 


N        A    ' 
I    (Ax  -  Ax)/ 


£tot   =  I    N 7~~  <4'20> 

I    (Ax)n2 
n 

Since  each  of  the  tidal  deconvolution  techniques  originally  rely  on  the 
measured  profile  changes  to  calculate  the  transport  function  A(z),  a 
"perfect"  deconvolution  would  result  in  a  tidally-deconvolved  estimate 
of  A(z)  which  would  exactly  retrieve  the  measured  profile  changes  Ax. 

Hence,  e    would  be  identically  zero. 

tot  ' 

Several  simulation  cases  were  studied  for  various  initial  profiles 
and  prescribed  total  transport  functions  A(z).  Some  results  of  one 
representative  simulation  case  are  described  below  for  an  initial  pro- 
file of  the  form 
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x(z  ,t=0) 


-15  z  for  z  >  0 

O  O 

31.6  |z  |3/2   for  z  <  0 


(4.21) 


Profile   changes   were   numerically   simulated   for   the   arbitrarily 
prescribed  total  transport  function 


A(z)  =  1.2  (z+0.8)- 


(4.22) 


during  a  simulated  tidal  record 


n(t)  =  1.0  sin  (|  t  -|) 


(4.23) 


A  time  step  At=0.25  was  utilized  in  the  simulation.  Figure  4-4  illus- 
trates the  original  beach  profile  at  time  t=0  and  subsequent  profiles  at 
times  t=1.0,  3.25,  and  7.5.   The  tidal  fluctuation,  rj(t),  is  also  shown. 


0      20 
DISTANCE,  x 


Figure  4-4:  Simulated  profile  changes  over  time  for  a  beach  of  given 
initial  profile  subjected  to  a  prescribed  total  transport 
function  and  fluctuating  tidal  water  level. 
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Figure  4-5  illustrates  estimates  of  the  transport  function  devel- 
oped using  each  of  the  three  tidal  deconvolution  algorithms  from  numer- 
ically-simulated profile  change  data  between  times  ^=3.25  and  to=7.5. 
The  prescribed  transport  function  A(z),  Eq.  (4.22),  is  shown  by  the 
dashed  line.  It  is  noted  that  the  simple  deconvolution  technique  (Fig. 
4-5a)  does  not  yield  A(z)  information  for  the  deeper  contours  as 
contrasted  to  the  matrix  techniques.  This  limiting  feature  of  the 
simple  technique  is  typical  and  expected  since  the  simple  technique 

averages  depth  contours  over  time  for  a  given  fixed  elevation  z  . 

o 

Figure  4-5b  illustrates  the  oscillatory  instabilities  associated  with 
the  N=M  matrix  technique,  described  earlier.  In  this  case,  the 
instabilities  are  triggered  by  slight  numerical  (discretization)  error 
rather  than  survey  error.  The  least-squares  (over-constrained)  matrix 
technique  (Fig.  4-5c)  yields  the  best  estimate  of  the  prescribed 
(simulated)  transport  function.  Total  rms  errors  in  profile-change 
calculation  using  the  tidally  deconvolved  transport  functions  are  29%, 
2%,  and  3%,  respectively,  for  the  simple,  N=M  matrix,  and  least-squares 
(over-constrained)  matrix  techniques. 

In  an  effort  to  address  the  effect  of  survey  error  upon  the  tidal 
deconvolution  techniques,  random  noise  was  introduced  into  the  simulated 
profile  change  data.  The  noise  represented  no  more  than  ±15%  of  the 
actual  simulated  profile  change  at  any  elevation  z  .  Figure  4-6 
illustrates  estimates  of  the  prescribed  transport  function  A(z)  Eq . 
4.22,  using  each  of  the  three  tidal  deconvolution  algorithms  from  the 
"noisy"  profile  change  data  simulated  between  times  t,=1.0  and 
t2=3.25.  It  is  evident  that  the  simple  technique  (Fig.  4-6a)  is  far 
less   sensitive  to  the  random  "error"  than  the  matrix  techniques.    This 
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Figure  4-5:  Comparison  of  the  tidally  deconvolved  transport  functions 
(solid  lines)  and  the  actual  prescribed  transport  func- 
tion (broken  lines)  for  the  (a)  simple,  (b)  N=M  matrix, 
and  (c)  least-squares  matrix  tidal  deconvolution  schemes. 
Numerical  simulation. 
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Figure  4-6:  The  transport  functions  deconvolved  from  "noisy"  profile- 
change  data  (solid  lines)  compared  to  the  actual  pre- 
scribed functions  (broken  lines).    Numerical  simulation. 
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is  not  surprising,  since  the  simple  technique  is  effectively  an  "aver- 
aging" technique  and  therefore  inherently  smooths  out  random  noise.  The 
matrix  techniques  exhibit  oscillatory  instability  about  the  prescribed 
function  A(z).  Total  rms  errors  in  recovery  of  the  simulated  "  profile 
change  data  using  the  simple,  N=M  matrix,  and  least-squares  (over- 
constrained)  matrix  tidal  deconvolution  techniques  are  23%,  8%,  and  6%, 
respectively.  Similarly,  it  is  not  surprising  that  the  least-squares 
technique  is  slightly  better  than  the  N=M  technique  here  since  the 
former  is  also  an  inherently  smoothing  technique. 

Although  the  erratic-looking  transport  functions  developed  by  the 
matrix  techniques  yield  profile  changes  which  agree  reasonably  well  with 
the  given  simulated  data,  it  is  reasonable  to  state  that  these  decon- 
volved functions  poorly  represent  the  actual  transport  function. 
Accordingly,  each  of  the  deconvolved  transport  functions  was  smoothed  by 
a  running  filter  over  depth  z.  The  structure  of  the  filter  is 
illustrated  in  Figure  4-7.   The   smoothed   transport  functions  from  the 
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Figure  4-7:   The  running  filter  used  to   smooth   the  transport  functions 
developed  through  the  matrix   tidal  deconvolution  schemes. 
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N=M  matrix  technique  and  the  least-squares  matrix  technique  are  shown  in 
Figure  4-8  a  and  b,  respectively,  for  the  "noisy"  simulation  case  of 
Figure  4-6.  Smoothing  the  matrix  techniques'  results  increases  the 
error  between  the  "retrieved"  profile-changes  and  the  simulated  "noisy" 
profile   changes   (by  about   5%  for  each  technique  in  this   case). 
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Figure  4-8:   The  smoothed  transport  functions  (solid  lines)  compared  to 
the  actual  prescribed  transport  functions   (broken  lines) 
developed  from  (a)  N=M  matrix  and  (b)  least-squares  matrix 
tidal  deconvolution  of  "noisy"  profile-change  data.  Numeri- 
cal simulation. 
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Physically,  this  usually  means  that  the  magnitudes  of  the  profile 
changes  calculated  from  the  smoothed  deconvolved  transport  functions  are 
not  as  great  as  those  calculated  from  the  un-smoothed  functions.  This, 
however,  may  be  a  desirable  feature  of  the  smoothing  process  for  trans- 
port functions  which  are  deconvolved  from  survey  data  contaminated  by 
random  error. 

It  is  noted  that  several  different  smoothing  filters  were  applied 
to  the  deconvolved  transport  functions  generated  from  a  number  of 
survey-error  simulation  studies.  The  filter  illustrated  in  Figure  4-7 
generally  gave  the  most  satisfactory  results;  that  is,  relatively  smooth 
functions,  A(z),  with  minimum  increase  in  total  rms  error. 

For  the  least-squares  matrix  technique,  the  degree  of  over-con- 
straint, N  >  M,  was  also  investigated.  In  general,  it  was  found  that 
the  relation  M  =  N-(Kb~l),  expressed  by  Eq.  (4.18),  was  satisfactory. 
Tighter  constraint,  M  <  N-(Kb~l),  resulted  in  poorly-defined,  severely 
discontinuous  transport  functions.  Less  constraint,  N-(K.-l)  <  M  <  N, 
resulted  in  oscillatory,  unstable  transport  functions  which,  of  course, 
tended  to  the  N=M  matrix  results  as  M  -*■  N.  Henceforth,  all  references 
to  the  least-squares  matrix  tidal  deconvolution  technique  are  assumed  to 
be  for  the  case  M  =  N  -  (K,-l). 

4.3.4   Tidal  Deconvolution  and  Field  Data 

As  part  of  a  further  investigation  of  tidal  deconvolution,  profile 
loops  4  and  5,  taken  9  meters  updrift  of  Groyne  //4,  were  selected  for 
tidal  deconvolution  using  the  (a)  simple,  (b)  N=M  matrix,  and  (c)  least- 
squares  (over-constrained)  matrix  techniques.  The  deconvolved  transport 
functions  A(z)   obtained  from  each  technique  are  shown  in  Figure  4-9. 
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Figure  4-9:  Tidally  deconvolved  total  transport  functions,  A(z),  devel- 
oped for  profile  change  data  from  survey  loops  4  and  5  of 
Groyne  #4,  9  meters  updrift  of  the  barrier.  The  solid 
(broken)  curves  in  (b)  and  (c)  represent  the  smoothed  (un- 
smoothed)  results  of  the  matrix  techniques. 
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Oscillatory  instabilities  appear  in  the  results  of  the  matrix  solu- 
tions— similar  to  those  observed  for  the  case  of  simulated  survey  error 
(shown  in  Figure  4-6).  Accordingly,  these  matrix  results  were  smoothed 
by  the  running  filter  shown  in  Figure  4-7;  the  results  are  illustrated 
by  solid  lines  in  Figure  4-9  b  and  c.  The  total  rms  errors  in  retrieval 
of  the  measured  profile  changes  using  the  deconvolved  transport  function 
are  (a)  40%  for  the  simple  technique,  (b)  2%  for  the  un-smoothed  N=M 
matrix  technique  and  36%  for  the  smoothed  result,  and  (c)  10%  for  the 
un-smoothed  least-squares  matrix  technique  and  49%  for  the  smoothed 
result.  Figure  4-10  compares  the  smoothed  transport  functions  decon- 
volved using  the  matrix  techniques  and  the  un-smoothed  transport 
function  deconvolved  from  the  simple  technique  (shown  separatly  in 
Figure  4-9  a,  b,  and  c).   All  three  agree  reasonably  well  and  the  simple 
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Figure  4-10:  Comparison  of  the  tidally  deconvolved  total  transport  func- 
tions, A(z),  developed  using  the  simple,  smoothed  (N=M) 
matrix,  and  smoothed  least-squares  matrix  techniques.  Field 
data  from  Groyne  #4,  9  m  updrift,  profile  loops  4  and  5. 
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technique  develops  the  transport  function  A(z)  over  depth  contours  which 
are  nearly  as  deep  as  for  the  matrix  results.  This  is  because  the 
profile  loops  used  for  this  test  were  taken  over  a  fairly  steady  high 
tide  such  that  the  effect  of  the  tidal  fluctuation  was  relatively  small. 

Figure  4-11  illustrates  the  transport  functions,  A(z),  developed 
using  each  of  the  three  tidal  deconvolution  techniques  for  the  data  of 
profile  loops  1  and  2  taken  9  m  updrift  of  Groyne  #3.  Once  again,  the 
matrix  techniques  generated  erratic  functions  which  were  then  smoothed 
by  the  running  filter  shown  in  Figure  4-7.  The  total  rms  errors 
associated  with  each  result  are  (a)  40%  for  the  simple  technique,  (b)  2% 
for  the  un-smoothed  N=M  matrix  technique  and  129%  for  the  smoothed 
result,  and  (c)  9%  for  the  un-smoothed  least-squares  technique  and  17% 
for  the  smoothed  result.  As  seen  in  the  figure,  smoothing  the  erratic 
results  of  the  N=M  matrix  technique  yields  an  almost  uniform,  zero- 
valued  transport  function,  so  that  the  profile  changes  predicted  by  the 
smoothed  function  are  very  small.  This  explains  the  large  increase  in 
rms  error  for  the  smoothed  result  of  the  N=M  matrix  technique  as 
compared  to  the  un-smoothed  result.  Profile  loops  1  and  2  were  taken 
over  the  greater  portion  of  a  high-low-high  tidal  fluctuation,  hence  the 
simple  technique's  results  are  seen  to  be  a  smoothed  version  of  the 
least-squares  matrix  technique's  results  since  the  former  technique 
smears  the  effect  of  the  tide  whereas  the  latter  technique  distinguishes 
the  effect  of  the  tide. 

In  general,  for  a  dozen  pairs  of  field  profiles  which  were  randomly 
selected  for  evaluation  by  all  three  tidal  deconvolution  algorithms,  a 
total  transport  function,  A(z),  was  most  reasonably  and  reliably 
estimated  by  the  smoothed  result  of  the  least-squares  matrix  technique. 
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Figure  4-11:  Tidally  deconvolved  total  transport  functions, A(z) ,  devel- 
oped for  profile  change  data  from  survey  loops  1  and  2  of 
Groyne  #3,  9  meters  updrift  of  the  barrier.  The  solid 
(broken)  curves  in  (b)  and  (c)  represent  the  smoothed  (un- 
sraoothed)   results  of  the  matrix  techniques. 


113 
Figure  4-12  illustrates  the  profile  changes  generated  by  smoothed 
transport  functions  A(z)  developed  using  the  least-squares  matrix 
technique  for  three  different  profile  pairs  from  the  field  data  of 
Groyne  #4.  It  is  seen  that  lesser-quality  deconvolved  transport  func- 
tions (i.e.,  those  associated  with  higher  rms  error  values),  generally 
retrieve  the  correct  trend  of  the  profile-changes,  but  tend  to  under- 
estimate (and  occasionally  overestimate)  the  erosion  or  accretion  at 
given  reference  elevations.  Transport  functions  associated  with  total 
rms  error  values  of  less  than  about  30%  generally  reproduce  the  measured 
profile  changes  very  well;  that  is,  within  the  range  of  probable  survey 
error.  (It  is  noted  that  the  average  vertical  survey  error  found  with 
the  OMNI  system,  1.5  cm,  is  about  30%  of  the  average  vertical  profile 
change  measured  between  surveys  near  the  groyne.)  Of  course,  the  un- 
smoothed  transport  functions  from  the  matrix  techniques  can  generate  the 
measured  profile  changes  fairly  accurately  in  all  cases,  but  the  erratic 
appearance  of  the  un-smoothed  functions  is  unsatisfactory  for  the 
purposes  for  which  the  transport  function  values  are  intended — as  will 
become  more  clear  in  the  following  sections. 

4.4  Removal  of  Cross-Shore  Transport  Signals 
The  tidally-deconvolved  total  transport  functions,  A(z),  contain 
both  cross-shore  and  longshore  components  and  possibly  anomalous  along- 
shore variation  components.  Assuming  that  the  cross-shore  transport 
component  is  constant  along  the  beach  at  a  given  depth  contour  z=-h,  and 
assuming  that  the  longshore  component  is  represented  by  an  exponential 
function  which  vanishes  some  distance  updrift  of  the  groyne,  it  is 
reasonable  to  approximate  the  total  transport  function  as 


114 


1.2 

VI              1              i 

i 

- 

OS 

-  v\ 

- 

04 

- 

0.0 

— 

0.4 

(a)  total  rms  error =16% 
i              i              i 

1.4 

e 

\? 

2 

O 

H 

0.8 

< 

> 

LU 

.J 

0.4 

LU 

Q 

00 

Q4t 


"" 1 77? " 

profile  at  t| 

-profile  at  t2 

deconvolution  result 

for  profile  at  t2 


(b)total  rms  error  =36% 

1 L 


14 

1.2 

0.8 

0.4 

0.0 


-0.4hc)  total  rms  error  =  43% 

j i 


I — IOm-1 


OFFSHORE  DISTANCE, x(m) 

Figure  4-12:  Comparison  of  the  measured  profiles  at  survey  time  to  and 
the  profiles  calculated  from  the  tidally  deconvolved  total 
transport  function  at  time  to  using  the  least-squares 
(over-constrained)  matrix  technique.  Field  data  from  pro- 
file loops  1  and  5,  Groyne  #4,  (a)  3  m,  (b)  18.3  m,  and 
(c)  216  m,  updrift  of  the  barrier. 
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A(z)   =  A  (z)  +  A  (z)   =  A(z)  e  B(z)'yl  +  C(z)       (4.24) 

y     x 


on  the  updrift  side  of  the  barrier.  In  Eq.  (4.24),  for  given  contour  z, 
the  exponential  function  (which  is  maximum  near  the  barrier  and  decays 
in  the  updrift  direction)  represents  the  impoundment  against  the  barrier 
caused  by  longshore  transport.  The  constant  C  represents  the  cross- 
shore  component  of  transport  which  is  assumed  to  be  uniform  along  the 
beach  for  the  given  contour  z.  The  longshore  component  coefficients 
A(z)  and  B(z)  and  the  cross-shore  component  coefficient  C(z)  may  be 
evaluated  for  each  depth  contour  by  fitting  Eq.  (4.24)  to  the  decon- 
volved total  transport  values,  A(z),  using  a  least-squares  technique 
(see  Appendix  D).  The  estimate  of  the  cross-shore  component  C(z)  should 
also  correspond  approximately  to  the  average  value  of  the  total  trans- 
port function  determined  from  profile  changes  far  updrift  of  the  barrier 
(say,  at  least  farther  than  one  groyne  length  or  one  surf  zone  width 
updrift). 

Poorly  conditioned  total  transport  values,  A(z),  can  be  fit  better 
by  integrating  Eq.  (4.24)  along  a  depth  contour  and  fitting  the  result 
t0  the  cumulative  total  transport  function  updrift  of  the  barrier  along 
this  contour;  i.e., 

/o  A^)^=fg-(l-e"B(Z)lyl)+C(z)y  (4.25) 

However,  use  of  Eq.  (4.25)  with  the  field  data  was  not  preferred  since 
the  deconvolved  values  of  A(z)  far  updrift  of  the  barrier  were  heavily 
weighted  relative  to  the  values  closer  to  the  barrier.    (This  was 
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because   the  spacing  between  profiles   along  the  beach  (i.e.,   Ay) 
increased  with  distance  from  the  barrier.) 

If  anomalous  longshore  features  (such  as  cusps)  contributed  to  the 
total  transport  function,  then  fitting  Eqs.  (4.24)  or  (4.25)  to  the 
deconvolved  A(z)  values  will  generally  "smooth"  these  anomalous 
contributions  (assuming  that  the  profile  spacing  is  at  least  less  than 
half  the  wavelength  of  the  anomalous  features).  If  "single  point" 
anomalies  were  present  along  the  beach  (such  as  scour  holes  or  rips), 
then  the  fit-quality  of  Eqs.  (4.24)  or  (4.25)  to  the  data  will  be  poor. 

Fitting  deconvolved  transport  data  with  polynomial  expressions  and 
Fourier-series  type  expressions  generally  produces  unsatisfactory 
results  (unless  one  is  dealing  with  dense  profile  data  on  beaches  rich 
in  longshore  features).  For  the  field  data,  the  profiles—and  therefore 
the  deconvolved  total  transport  data  along  a  contour — were  not 
sufficiently  spatially  intense  to  define  anomalous  longshore  features 
without  aliasing.  However,  few  longshore  features  besides  the  impound- 
ment fillet  were  observed  in  the  survey  area  for  Groynes  #2,  #3,  and  #4. 

The  quality  of  fit  of  the  non-cumulative  transport  expression,  Eq. 
(4.24),  was  defined  for  each  depth  contour  as 


I    [(Ae^lyil  +C  -  AJ2 

i f— ; (a. 26) 

and  for  the  cumulative  transport  expression,  Eq.  (4.25),  as 


I 


I  [(f  U-e-^il)  -  Cy.  -  J*  A.  dy] 

I  Ul   A.  dy)2 
i   °   x 


(4.27) 
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where  I  is  the  number  of  deconvolved  total  transport  values  determined 

along  the  depth  contour.   Values  of  e   or  e   =  0  represent  a  perfect 

fit  to  the  data.   In  Eqs.  (4.26)  and  (4.27),  it  is  implied  that  A,  B,  C, 

A>  I>  enc'  and  ec  corresP°nd  to  a  depth  contour  z=-h  of  interest. 

In  practice,  identification  of  a  value  (or  range  of  values)  of  the 

cross-shore  component  C(z)  of  the  total  transport  function  A(z)  was  not 

always  a  rigid  data  interpretive  process.   As  a  general  guideline,  for  a 

given  contour,  a  single  value  of  C(z)  was  identified  using  Eq.  (4.24)  if 

the  quality  of  fit,  e„,  was  less  than  about  0.25.   For  0.25  <  e   < 
nc  nc 

0.5,  the  average  value  of  C(z)  determined  through  Eqs.  (4.45)  and  (4.25) 
was  used  or,  more  often,  a  range  of  values  of  C(z)  was  selected — bounded 
by  the  values  determined  through  Eqs.  (4.24),  (4.25),  and/or  the  average 
value  of  the  total  transport  function  far  updrift  of  the  barrier.  For 
enc  >  0.5,  C(z)  was  taken  as  the  far  updrift  average  value  of  the  total 
transport  function  plus  or  minus  30%.  ("Far  updrift  of  the  barrier" 
refers  here  to  at  least  one  groyne  length  updrift  of  the  barrier.) 
Figures  4-13  and  4-14  illustrate  two  examples  from  the  field  data  of 
non-cumulative  and  cumulative  "transport  function  fitting"  along  a  depth 
contour.  The  quality  of  fit  of  each  is  indicated  in  the  corner  of  each 
figure. 

4.5  Calculation  of  Longshore  Transport  Rate 
at  a  Depth  Contour 

Once  a  value  or  range  of  values  of  the  cross-shore  component  C(z) 

of  the  total  transport  function  was  identified  for  a  particular  depth 

contour,  the  longshore  component  was  obtained  through 

A  (z)  =  A(z)  -  C(z)  (4.28) 
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Figure  4-13:  Fit  of  the  total  transport  function  along  a  depth  contour 
using  (a)  non-cumulative  values  and  (b)  cumulative  values. 
Field  data  from  profile  loops  1  and  2,  Groyne  #3,  depth 
contour  z  =  +0.3  m. 


The  sediment  impoundment  rate  along  a  depth  contour  due  to  longshore 
transport  was  then  evaluated  through: 


qy(z)  =  L     \(z)  dy 


(4.29) 


where  q  (z)  is  a  "non-adjusted"  volumetric  longshore  sediment  transport 
rate  along  depth  contour  z=-h,  per  unit  depth.  The  meaning  of  "non- 
adjusted"  is  described  below.  The  limit  y*  refers  to  the  updrift  limit 
of  perturbation  (i.e.,  impoundment)  caused  by  the  presence  of  the 
barrier.  In  practice,  the  limit  yA  was  taken  as  the  updrift  location 
beyond  which  there  was  little   or   no   contribution   to   the   longshore 
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Figure  4-14:  Fit  of  the  total  transport  function  along  a  depth  contour 
using  (a)  non-cumulative  values  and  (b)  cumulative  values. 
Field  data  from  profile  loops  1  and  3,  Groyne  #3,  depth 
contour  z  =  -0.2  m. 


sediment  transport  rate  (or,  the  volumetric  impoundment  rate).  Figure 
4-15  illustrates  the  application  of  Eq.  (4.29)  for  the  two  examples  from 
the  field  data  previously  shown  in  Figures  4-13  and  4-14.  Gross  contri- 
butions to  the  impoundment  rate  (shown  updrift  of  yA)  are  due  to  irregu- 
larities in  the  longshore  component  of  the  transport  function  A  (z) 
which  result  from  the  approximate  nature  of  the  cross-shore  component 
C(z)  removed  from  the  total  transport  function  A(z).  It  is  noted  that 
these  irregularities  "cancel  out"  far  from  the  barrier.  For  many  cases, 
a  range  of  values  of  y*  were  selected  for  each  contour  which  reflected 
the  author's  best  judgement  of  the  updrift  limit  of  impoundment  (based 
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upon  inspection  of  figures  such  as  4-13  and  4-14).  The  range  of  values 
identified  for  y*  and/or  C(z)  for  each  contour  led  to  a  range  of  values 
calculated  for  the  ("non-adjusted")  longshore  transport  rate  q  (z)  for 
each  contour.  For  plotting  purposes,  the  average  value  of  the  range  of 
q  (z)  along  each  contour  was  calculated,  and  the  maximum  and  minimum 
extents  of  this  range  were  taken  as  error  bars  for  q  (z). 

y 


DISTANCE  UPDRIFT  FROM  BARRIER  (m) 
Figure  4-15:  Integration  of  the  longshore  component  of  the  total  trans- 
port function,  A  (z),  updrift  of  the  barrier  in  order  to 
evaluate  the  volumetric  rate  of  impoundment  along  the 
contour.  Field  data  from  Groyne  #3,  (a)  profile  loops  1 
and  2,  z  =  +0.3  m,   (b)  profile  loops  1  and  3,  z  =  -0.2  m. 


Although  the  cross-shore  component  C(z),  was  typically  identified 
with  reasonable  confidence  through  the  fitting  of  Eqs.  (4.24)  or  (4.25), 
the  longshore  component,  A(z)  exp[  -B(z)jy|]  ,  was  not  typically  satis- 
factorily described.  (This  was  because  the  impoundment  fillet  was  not 
typically  pure-exponential  in  character).  Accordingly,  it  was  not 
preferred   to   calculate   the   total   longshore   impoundment   rate   by 
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integrating  the  "fitted"  longshore  component  of  transport  updrift  of  the 
barrier;  that  is,  through  the  expression 

~     f°°  .  -Blyl  ,      A 

qy  =  ;q  Ae      dy   =  -  (4.30) 


Instead,   qy  was  found  through  Eqs  (4.28)  and  (4.29)  as  described  above. 
It  is  instructive  to  rewrite  Eq.  (4.29)  for  some  particular  depth 
contour  z=-h  as 


y*  dci 

qy  =  L     d^  dy  =  (Iy(y*)  "  V0)  (4'31) 

ry*  3x*  , 

qy  =  "Jo  IF*  dy  (4-32) 


where  8x£/3t  refers  to  the  horizontal  rate  of  profile  change  due  to  the 
longshore  component  of  transport  only.  Also,  it  is  recalled  here  that 
1y  refers  to  the  "non-adjusted"  longshore  transport  rate  per  unit 
depth.  In  Eq.  (4.31),  qy(0)  =  0  if  there  Is  no  sediment  transport 
through  or  over  the  barrier;  accordingly, 

qy  =  qy(yj  (4.33) 

Since  qy(y*)  represents  the  longshore  transport  rate  at  a  location 
unperturbed  by  the  presence  of  the  barrier,  it  is  demonstrated  that  Eq. 
(4.29)  yields  the  longshore  transport  rate  for  the  depth  contour  z=-h  as 
if  the  beach  was  undisturbed. 

For  Eq.  (4.32),  it  will  be  recalled  that  9x£/8t  is  evaluated 
as  Ax£/At  in  practice;  that  is,  Ax/At,  but  where  the  cross-shore 
component  has  been  effectively  removed.   The  value  At  is  taken  as  the 
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elapsed  time  between  surveys.  However,  since  some  contours  were  not 
blocked  by  the  barrier  for  all  time  between  surveys  (due  to  gaps  or  low 
tide),  the  value  At  must  be  adjusted  to  reflect  only  the  elapsed  time 
during  which  longshore  transport  was  effectively  impounded  by  the 
barrier  between  surveys.  Accordingly,  the  actual  or  "adjusted"  estimate 
of  the  longshore  transport  rate  was  determined  from 


Vz)  =  %(z)  =  c'v(z)  '-zno  (4-34) 


where  q£(z)  is  the  "adjusted"  local  longshore  transport  rate  at  depth 
contour  z=-h,  and  At£(z)  is  the  elapsed  time  between  surveys  for  which 
contour  z=-h  was  effectively  blocked  by  the  barrier.  An  illustrative 
example  of  the  method  by  which  the  effective  trapping  time  At£(z)  can  be 
calculated  for  an  arbitrary  depth  contour  z,    is  depicted  in  Figure  4-16. 

4.6  Limiting  Depth  Contours  of  Barrier  Effectiveness 
Unlimited  application  of  Eq.  (4.34),  above,  implies  that  the 
"adjusted"  local  longshore  transport  rate  becomes  very  large  or 
approaches  infinity  for  depth  contours  which  were  barely  blocked  or 
never  blocked  by  the  barrier  (i.e.,  At£  *  0).  When  the  elapsed  time  for 
which  a  depth  contour  was  blocked,  At£,  is  considerably  smaller  than  the 
total  time  between  surveys,  At,  it  seems  reasonable  to  assume  that  the 
impoundment-related  component  of  the  measured  profile  change  along  the 
contour  is  suspect.  Inappropriate  application  of  Eq.  (4.34)  for  these 
ineffectively  blocked  depth  contours  results  in  amplification  of 
the  suspect  (dubious)  impoundment-related  transport  signals  (because 
Wt/AtA  »  1  for  At£  «  At).    Accordingly,  a  practical  limit  must  be  set 
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At£  (zj)  =      Ata  +  AtD  +Atc 


Figure  4-16:  An  example  illustrating  the  calculation  of  the  effective 
longshore  trapping  time,  At.(z),  for  which  contour  z  was 
"blocked"  by  the  presence  of  the  barrier  during  the  survey 
interval  At. 


which  excludes  impoundment  data  along  depth  contours  for  which  At*  is 
less  than  some  fraction  of  At.  From  the  field  data  of  this  experiment, 
the  impoundment  signals  often  appeared  dubious  for  depth  contours  which 
were  blocked  by  the  barrier  for  less  than  about  60%  of  the  total  time 
between  surveys.  Therefore,  the  barrier  was  assumed  to  be  potentially 
ineffective  (or  at  least  gave  poor  quality  impoundment  signals)  at 
contours  for  which  At^/At  <  0.6. 
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An  alternate  method  to  assess  the  effectiveness  of  the  barrier  at  a 
particular  depth  contour  is  presented  as  follows.   The  effective  time- 
weighted  relief  of  the  barrier,  Ag,  may  be  approximated  at  M  depth 
contours  by 


Ag  =  h  T  Ag0  <4-35> 


where  At  is  the  total  time  between  survey  loops  and  elements  in  the 

array  AgQ  represent  the  average  relief  of  the  barrier  (above  the  bed)  at 

NGVD  elevations  zQ  .   The  elements  t    in  the  matrix  T  represent  the 
n  nm 

total  time  for  which  NGVD  elevation  zQ      was  occupied  by  depth  contour 

n 

zm*  For  a  tideless  beach  where  z=zq,  the  matrix  T  is  diagonal  with  non- 
zero elements  equal  to  At  such  that  the  product  of  1/At  and  T  is  the 
identity  matrix.)  In  general  application,  however,  one  will  readily 
note  that  Eq.  (4.35)  is  a  time-averaging  scheme  which  yields  the  effec- 
tive relief  of  the  barrier  above  the  bed  for  any  depth  contour  which 
moves  across  the  beach  (and  the  barrier)  with  the  tide. 

The  barrier  was  assumed  to  be  potentially  ineffective  at  depth 
contours  for  which  the  effective  time-weighted  barrier  relief  fell  below 
a  certain  critical  value.  Typically,  impoundment  signals  from  the  field 
data  appeared  dubious  for  depth  contours  with  effective  barrier  relief 
above  the  bed  of  less  than  about  15  to  20  cm,  or  about  30%  of  the 
breaking  wave  height;  hence,  this  value  became  a  general  (potential) 
limit  for  discounting  impoundment  data  along  a  contour. 

In  practice,  impoundment  data  (i.e.,  estimates  of  the  local  long- 
shore transport  rate)  were  excluded  for  depth  contours  which  fell  below 
the  relative  longshore  trapping  time  criterion  and/or  the  effective 
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barrier  relief  criterion  described  above.   Insight  to  the  quantitative 
selection  of  these  criteria  is  gained  from  the  presentation  of  the 
reduced  data  offerred  in  the  next  chapter. 

4.7  Total  Longshore  Transport  Rate 
The  total  volumetric  longshore  sediment  transport  rate,  Q,,  was 
found  through 

Q£  =  f-h      qv(z)  dz  (4.36) 

where  R  and  h*  are  the  contours  corresponding  to  the  maximum  run-up  and 
the  limiting  depth  of  longshore  transport,  respectively.  In  practice, 
h*  was  taken  as  the  deepest  contour  for  which  local  longshore  transport 
values  were  both  available  and  reasonable  (as  described  in  the  previous 
section).  Accordingly,  estimates  of  the  total  longshore  sediment 
transport  from  the  field  data  are  low  since  local  transport  values  most 
probably  did  not  extend  to  contours  as  deep  as  the  actual  limit  of 
transport.  In  several  cases,  however,  data  were  available  to  a  depth  at 
least  as  great  as  the  breaking  depth  (see  Chapter  5). 

4.8  Expressing  the  Longshore  Transport  Distribution 
across  the  Surf  Zone  Width 

The  data  analysis  described  up  to  this  point  has  centered  upon 

determination  of  the  local  longshore  sediment  transport  rate  per  unit 

dePth»  <U(z)«   The  local  transport  rate  per  unit  offshore  distance,  q„, 

was  developed  through  the  transf ormtion: 

q£(x)  =  m(z)  •  q£(z)  (4.37) 
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where  m(z)  is  the  local  bottom  slope.   For  the  data  taken  in  the  pre- 
sence of  tidal  fluctuations,  m(z)  was  taken  as  the  bottom  slope  at  the 
reference  elevation  zQ  which,  on  tidal-average,  corresponded  to  the 
elevation  z  (or  depth  contour  z=-h). 

The  details  of  the  transformation  are  described  below.  A  represen- 
tative beach  profile  (the  calculated  average  profile  between  surveys  at 
a  location  far  updrift  of  the  barrier)  was  described  at  selected 
uniformly-spaced  locations,  x^  in  the  offshore  (horizontal)  direc- 
tion. The  depth  zi  (tidally-averaged  over  the  local  wetted  time  between 
surveys)  and  the  local  bottom  slope  n^  were  calculated  at  each  offshore 
location  xi»  The  appropriate  longshore  transport  rate  at  the  calculated 
elevation  z±  was  then  interpolated  from  the  previously  calculated  values 
of  q£(z).  Equation  (4.37)  was  then  applied  using  the  value  of  o.  and 
the  interpolated  value,  q£(zi),  in  order  to  develop  the  local  longshore 
transport  rate  per  unit  offshore  distance  at  the  location  x- • 


CHAPTER  5 

RESULTS  FROM 
THE  FIELD  INVESTIGATION 


5.1  Introduction 


The  beach  profile  data  collected  from  the  last  three  field  impound- 
ment experiments,  Groynes  #2,  #3,  and  #4  described  in  Chapter  3,  were 
analyzed  using  the  methodologies  described  in  the  previous  chapter.  The 
resulting  estimates  of  the  distributed  and  total  longshore  transport  and 
the  effectiveness  of  the  barriers  are  presented  in  this  chapter. 

5.2  Distribution  of  Longshore  Sediment  Transport 
5.2.1  Groyne  #2 

As  described  earlier,  the  second  impoundment  experiment  (Groyne  #2) 
utilized  a  non-pyramid-style  groyne  deployed  on  the  rising,  then 
falling,  tide.  Several  gaps  were  present  in  the  groyne.  The  first 
survey  loop  was  taken  during  groyne  construction  (loop  1)  and  another 
survey  loop  was  taken  about  sixteen  hours  after  the  groyne  was  completed 
(loop  3).  Interim  profiles  taken  between  these  two  loops  are 
collectively  referred  to  as  loop  2. 

Loops  1-3.  Beach  profile  changes  measured  between  the  groyne- 
construction  and  16-hours  post-deployment  surveys  (loops  1-3)  were 
analyzed  at  five  alongshore  locations:  four  within  36  m  (updrift)  of 
the  barrier  and  one  3  m  downdrift.  A  smoothed  estimate  of  the  total 
transport  function,  A(z),  was  obtained  for  each  profile  using  least 
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squares  matrix  tidal  deconvolution.   The  cross-shore  contribution  to  the 
total  transport  function  was  identified  and  removed  along  each  depth 
contour.   The  "non-adjusted"  longshore  transport  rate  was  subsequently 
calculated  and  is  illustrated  in  Figure  5-la.    The  error  bars  reflect 
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Figure  5-1:  Distribution  of  longshore  sediment  transport  rate  for  still- 
water  depth  contours:  (a)  "non-adjusted"  for  relative  trap- 
ping times;  (b)  "adjusted"  for  relative  trapping  times. 
Groyne  #2,  loops  1-3. 
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uncertainties  in  the  identification  of  the  cross-shore  contribution  and 
the  updrift  extent  of  impoundment  along  each  depth  contour,  as  described 
in  the  previous  chapter. 

The  anomalous  negative  values  of  longshore  transport  rate  calcu- 
lated for  elevations  below  z=-0.6  m  are  suspect  because  these  contours 
were  apparently  inadequately  blocked  by  the  barrier.  Figure  5-2a  illus- 
trates the  effective  trapping  time,  At£/At ,   for  which  each  depth  contour 
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Figure  5-2:  (a)  Effective  relative  trapping  time  for  which  each  depth 
contour  was  bounded  by  the  groyne;  (b)  effective  time- 
weighted  barrier  relief  for  each  depth  contour.  Groyne  #2, 
loops  1-3. 
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was  bounded  by  the  barrier  during  the  loop  1  to  loop  3  survey  inter- 
val. Figure  5-2b  illustrates  the  effective  time-weighted  barrier  relief 
for  each  of  the  contours.  It  is  noted  that  the  effective  trapping  time 
and  barrier  relief  are  relatively  constant  for  elevations  above  z=-0.6 
m,  and  abruptly  decrease  for  elevations  less  than  z=-0.6  or  -0.7  m  where 
the  total  transport  function  becomes  erratic  and  indicates  negative 
impoundment  near  the  barrier.  This  may  be  a  seaward  end-effect  of  the 
barrier,  such  as  scour.  The  correspondence  between  the  abrupt  decrease 
in  calculated  barrier  effectiveness  and  the  appearance  of  suspect 
impoundment  data  was  not  considered  coincidental;  similar  correspondence 
was  observed  for  other  data  sets  presented  in  the  following  pages. 
Accordingly,  transport  values  at  elevations  below  z=-0.6  m  were  deemed 
suspect  and  were  excluded  from  further  analysis.  (Conservatively,  data 
at  z=-0.6  m  may  be  suspect  as  well,  since  it  is  close  to  the  presumed 
effective  end  of  the  barrier.) 

The  first  estimates  of  the  local  longshore  transport  rate  (Figure 
5-la)  were  "adjusted"  by  the  effective  trapping  time  at  each  depth 
contour  through  Eq.  (4.34)  out  to  the  limiting  depth  z— 0.6  m.  The 
resulting  estimate  of  the  longshore  sediment  transport  distribution  is 
shown  in  Figure  5-lb.  The  approximate  significant  breaking  depth  (or 
breakpoint,  "b.p.")  is  also  indicated  in  the  figure. 

Loops  1-2.  The  measured  beach  profile  changes  between  the  surveys 
during  groyne  construction  (loop  1)  and  several  hours  after  construction 
(loop  2)  were  poorly  conditioned  such  that  smoothed  least-squares  matrix 
tidal  deconvolution  yielded  unrealistic  results  for  the  total  transport 
functions.  Instead,  the  total  transport  functions  were  calculated  by 
the  simple  tidal  deconvolution  technique.   The  cross-shore  component  was 
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identified  from  data  collected  18.3  and  36.5  m  updrift  of  the  barrier. 
The  non-adjusted  estimate  of  the  longshore  transport  rate  was  then 
calculated  and  is  shown  in  Figure  5-3a. 
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Figure  5-3:  Distribution  of  longshore  sediment  transport  rate  for  still- 
water  depth  contours:  (a)  "non-adjusted"  for  relative  trap- 
ping times,  (b)  "adjusted"  for  relative  trapping  times. 
Groyne  #2,  loops  1-2.   (Simple  tidal  deconvolution  used.) 
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Through  calculation  of  the  effective  relative  trapping  time  and 
barrier  elevation  for  each  depth  contour  of  this  impoundment  interval, 
an  abrupt  decrease  in  barrier  effectiveness  was  noted  below  z=0.2  or  0.1 
m  (for  which  At^/At  <  0.5  and  Ag  <  13  cm).  The  impoundment  data  sea- 
ward of  these  contours  is  correspondingly  suspect  and  was  therefore 
excluded  from  further  consideration.  The  barrier  was  found  to  be  inef- 
fective at  such  a  shallow  depth  contour  because  much  of  the  loop  1  to  2 
survey  interval  included  time  when  the  seaward  section  of  the  groyne  was 
not  yet  complete  and/or  the  tide  was  low.  (This  may  also  explain  why 
the  measured  profile  changes  were  ill-conditioned  for  matrix  tidal 
deconvolution).  The  "non-adjusted"  longshore  transport  rates  shown  in 
Figure  5-3a  were  modified  by  the  effective  trapping  time  calculated  for 
each  contour  to  produce  the  distributed  longshore  sediment  transport 
profile  shown  in  Figure  5-3b. 

Comparison  of  loops  1-2  and  1-3.  The  distributed  longshore 
transport  calculated  from  profile  loops  1  and  3  demonstrates  a  peak  just 
landward  of  the  breaker  position  and  relatively  little  transport  above 
the  still  water  level.  On  the  other  hand,  the  data  of  loops  1  to  2 
indicates  considerable  longshore  transport  above  the  still  water  level, 
(the  only  region  where  data  were  reasonable). 

Inspection  of  the  beach  profiles  (Figure  3-12)  indicates  that  the 
profiles  closest  to  the  barrier  accreted  considerably  about  the  (NGVD) 
foreshore  during  groyne  construction,  but  remained  relatively  stable 
after  construction.  The  profiles  further  updrift  remained  relatively 
stable  during  groyne  construction,  but  accreted  about  the  foreshore 
after  construction.  Inspection  of  all  of  the  available  profile  data 
indicates  that  the  latter  was  most  likely  unrelated  to  the  presence  of 
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the  barrier.  It  is  thought  that  the  (NGVD)  foreshore  area  near  the 
barrier  reached  a  "maximum"  impoundment  level  during  the  latter  stages 
of  the  groyne  deployment.  Accordingly,  the  data  of  survey  loops  1  to  2 
indicate  considerable  swash  zone  longshore  transport,  whereas  relatively 
little  impoundment  occurred  along  the  swash  zone  contours  during  the 
long  interval  which  elapsed  after  groyne  deployment  between  survey  loops 

1  and  3.  It  is  possible,  then,  that  the  most  likely  estimate  of  the 
longshore  sediment  transport  distribution  for  Groyne  #2  is  reflected  by 
the  data  of  loops  1-3  (Figure  5-lb)  but  with  an  additional  contribution 
to  the  transport  over  the  swash  contours  z=0.6  m  to  0.1  m. 

5.2.2  Groyne  #3 

For  the  third  field  experiment  (Groyne  #3)  a  pyramid-style  groyne 
of  high  integrity  was  deployed  during  a  falling  neap  tide.  Sets  of 
beach  profiles  were  taken  before  groyne  deployment  (loop  1)  and  several 
hours  after  deployment  on  the  subsequent  rising  and  falling  tides  (loops 

2  and  3,  respectively). 

Loops  2-3.  As  described  earlier,  waves  were  breaking  landward  of 
the  end  of  the  groyne  during  the  interval  between  survey  loops  2  and  3 
such  that  the  surf  zone  was  "bounded"  by  the  barrier.  Accordingly, 
beach  profile  changes  measured  during  this  interval  ideally  represent 
the  highest  quality  impoundment  data  for  Groyne  //3. 

The  total  transport  function  was  calculated  along  the  beach  for  the 
loop  2  to  loop  3  survey  interval  using  smoothed  least-squares  matrix 
tidal  deconvolution.  Total  rras  errors  between  measured  profile  changes 
and  profile  changes  calculated  from  the  tidally  deconvolved  transport 
functions  were  relatively  small,   i.e.,  between  13%  and  33%.   Figure  5-4 
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Figure  5-4:  The  total  transport  function, A(z) ,  calculated  for  each  of 
eleven  profiles,  and  illustrated  along  various  depth  con- 
tours.  Groyne  #3,  loops  2-3. 
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illustrates  the  total  transport  function  along  each  depth  contour  both 
updrift  and  downdrift  of  the  barrier.  When  examining  Figure  5-4  (and 
similar  illustrations  of  the  total  transport  function),  it  is  helpful  to 
recall  that  the  transport  function  A(z)  represents  the  rate  of  hori- 
zontal accretion  or  recession  per  unit  longshore  beach  width  and  per 
unit  depth,  along  depth  contour  z.  Accordingly,  figures  such  as  5-4 
depict  the  local  rate  of  beach  profile  growth  or  recession  both  along 
and  across  the  beach  study  site. 

The  total  transport  function  exhibits  an  exponential-form  impound- 
ment against  the  barrier  (right-side)  for  all  contours  analyzed. 
However,  there  are  some  local  depressions  in  the  impoundment  immediately 
next  to  the  barrier  at  z=-0.1  to  -0.5  m.  Large-valued  accretion  signals 
are  also  noted  at  the  seaward  end  of  the  groyne  on  both  the  updrift  and 
downdrift  sides.  These  latter  two  features  suggest  the  presence  of  a 
rip  current  which  flows  along  both  sides  of  the  barrier  and  moves  sand 
offshore  from  just  below  the  still  water  level  to  the  breaker  region. 
Significant  local  accretion  and  recession  downdrift  of  the  groyne  is 
also  observed.  Correlation  between  updrift  and  downdrift  effects  is 
unclear  from  the  figure.  The  appearance  of  the  total  transport 
function,  which  is  directly  related  to  the  sediment  transport  pattern 
about  the  barrier,  is  discussed  in  conjunction  with  the  laboratory 
results  in  Chapter  7. 

The  relative  trapping  time,  At ./At,  and  effective  time-weighted 
barrier  relief,  Ag,  for  each  contour,  are  shown  in  Figure  5-5.  The 
range  of  values  shown  for  Ag  (Fig.  5-5b)  reflects  the  change  in 
effective  barrier  relief  at  each  depth  contour  as  the  beach  profile 
immediately  updrift  of  the  barrier  accreted  during  the  survey  interval. 
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Figure  5-5:  (a)  Effective  relative  trapping  time  for  which  each  depth 
contour  was  bounded  by  the  groyne;  (b)  effective  time- 
weighted  barrier  relief  for  each  depth  contour,  (arrows 
indicate  variation  with  time).   Groyne  #3,  loops  2-3. 


The  cross-shore  component  of  the  total  transport  function  was  iden- 
tified and  removed  for  each  depth  contour.  The  resulting  longshore 
component  was  integrated  updrift  from  the  barrier  to  yield  the  "non- 
adjusted"  longshore  transport  rate  for  each  contour  (shown  in  Figure 
5-6a).  Anomalous  (negative)  transport  estimates  at  contours  deeper  than 
z=-0.7  m  correspond  to  low  relative  trapping  time   (At£/At  <  0.56)   and 
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Figure  5-6:  Distribution  of  longshore  sediment  transport  rate  for  still- 
water  depth  contours:  (a)  "non-adjusted"  for  relative  trap- 
ping times  (least-squares  matrix  technique),  (b)  "adjusted" 
for  relative  trapping  times  (least-squares  matrix  tech- 
nique), and  (c)  result  of  simple  tidal  deconvolution  tech- 
nique.  Groyne  #3,  loops  2-3. 
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low  barrier  relief  (Ag  <  10  cm).  Accordingly,  the  non-adjusted 
impoundment  rates  shown  in  Figure  5-6a  were  modified  by  the  effective 
trapping  time  only  for  elevations  at  or  above  z=-0.7  m.  The  resulting 
estimate  of  the  distribution  of  longshore  sediment  transport  is  shown  in 
Figure  5-6b. 

The  loop  2  to  loop  3  survey  data  were  also  analyzed  using  the 
"simple"  tidal  deconvolution  technique.  The  total  transport  functions 
calculated  by  the  "simple"  technique  did  not  reproduce  the  measured 
profile  changes  as  accurately  as  did  the  functions  developed  by  the 
smoothed  least-squares  matrix  technique:  specifically,  rms  errors  were 
22%  to  50%.  However,  the  transport  functions  calculated  from  each 
technique  were  relatively  similar.  The  estimate  of  the  longshore 
sediment  transport  distribution  using  "simple"  tidal  deconvolution,  is 
shown  in  Figure  5-6c.  The  magnitude  and  shape  of  the  longshore 
transport  profile  is  similar  to  that  calculated  using  the  smoothed 
least-squares  matrix  deconvolution  (Figure  5-6b).  The  results  of  both 
tidal  deconvolution  techniques  indicate  a  transport  peak  just  landward 
of  the  breakpoint.   A  secondary  peak  is  noted  in  the  upper  swash  zone. 

Loops  1-2.  Beach  profile  changes  during  and  immediately  after 
groyne  deployment  were  obtained  from  the  loop  1  to  loop  2  survey  data. 
The  relative  trapping  time,  At^/At,  and  effective  barrier  relief,  Ag, 
are  shown  for  various  depth  contours  in  Figure  5-7.  The  former  suggests 
that  the  barrier's  effectiveness  as  an  impoundment  agent  was  diminished 
for  elevations  below  z=-0.1  m  (At^/At  <  0.5),  while  the  latter  suggests 
diminished  barrier  effectiveness  for  elevations  below  z=-0.5  m  (Ag  <  10 
cm).  The  relative  trapping  times  and  effective  barrier  relief  are 
relatively  low-valued  for  this  survey  interval  (considering  the  high 
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quality  of  the  barrier)  because  this  interval  is  dominated  by  the  entire 
period  during  which  the  groyne  was  under  construction. 

The  total  transport  function  was  calculated  for  the  loop  1  to  2 
survey  interval  using  smoothed  least-squares  matrix  tidal  deconvolu- 
tion.  Cross-shore  components  were  identified  and  removed,  and  the  "non- 
adjusted"  longshore  sedment  transport  rate  was  calculated  for  each  depth 
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Figure  5-7:  (a)  Effective  relative  trapping  time  for  which  each  depth 
contour  was  bounded  by  the  groyne;  (b)  effective  time- 
weighted  barrier  relief  for  each  depth  contour  (arrows 
indicate  variation  with  time).   Groyne  #3,  loops  1-2. 
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contour  (shown  in  Fig.  5-8a).   The  "non-adjusted"  values  were  modified 
by  the  effective  time  for  which  each  contour  was  bounded  by  the  barrier 
out  to  elevation  z=-0.4  m.   The  resulting  estimate  of  the  distribution 
of  longshore  sediment  transport  is  shown  in  Figure  5-8b.   The  validity 
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Figure  5-8:  Distribution  of  longshore  sediment  transport  rate  for  still- 
water  depth  contours:  (a)  "non-adjusted"  for  relative  trap- 
ping times,  (b)  "adjusted"  for  relative  trapping  times. 
Groyne  #3,  loops  1-2. 
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of  estimates  below  z=-0.1  m  is  questionable  due  to  the  short  time  inter- 
vals for  which  these  contours  were  bounded  by  the  barrier. 

It  is  noted  that  significant  negative-valued  estimates  of  the  "non- 
adjusted"  longshore  tranpsort  were  obtained  for  the  upper  swash  zone 
during  the  groyne  construction  interval.  This  anomaly  may  be  due  to 
erosion  of  the  foreshore  immediately  adjacent  to  the  groyne  caused  by 
the  bag-filling  operation.  The  significant  positive-valued  longshore 
transport  obtained  over  these  upper  contours  for  the  post-construction 
survey  interval  (loop  2  to  3)  may  therefore  by  somewhat  biased  to  the 
high  side.  That  is,  "scour"  created  during  groyne  construction  rapidly 
filled  in  during  the  loop  2  to  loop  3  survey  interval  while  the  tide  was 
high.  However,  it  is  noted  that  a  strong  longshore-related  impoundment 
signal  was  also  calculated  further  updrift  of  the  "scour"  (i.e.,  9  m 
updrift  of  the  barrier)  for  these  swash-zone  contours.  Hence,  the  some- 
what surprisingly  large  estimates  of  longshore  transport  along  the  upper 
swash  contours  found  for  loop  2  to  loop  3  may  not  be  completely 
unrealistic. 

Loops  1-3.  The  overall  profile  changes  between  the  pre-groyne 
survey  (loop  1)  and  the  post-impoundment  survey  (loop  3),  were  also 
analyzed.  The  effective  trapping  time,  At^/At,  and  the  effective 
barrier  elevation,  Ag,  are  shown  in  Figure  5-9  for  relevant  depth 
contours  during  the  loop  1  to  3  survey  interval.  After  calculation  of 
the  total  transport  function  through  least-squares  matrix  tidal 
deconvolution,  and  identification  and  removal  of  cross-shore  signals, 
the  "non-adjusted"  longshore  transport  rate  q  was  calculated  and  is 
shown  in  Figure  5-10a.  The  "non-adjusted"  values  were  modified  by  the 
effective  trapping  time  along  each  contour  out  to  z=-0.5  ra,  beyond  which 
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Figure  5-9:  (a)  Effective  relative  trapping  time  for  which  each  depth 
contour  was  bounded  by  the  groyne;  (b)  effective  time- 
weighted  barrier  relief  for  each  depth  contour  (arrows 
indicate  variation  with  time).   Groyne  #3,  loops  1-3. 


the  effective  barrier  relief  fell  below  13  cm.  The  resulting  estimate 
of  the  distribution  of  longshore  sediment  transport  is  shown  in 
Figure  5-10b.  Estimates  for  z<-0.1  m  are  questionable  due  to  the 
relatively  short  time  intervals  for  which  these  contours  were  trapped  by 
the  barrier  (At£/At  <  0.5). 
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Figure  5-10:  Distribution  of  longshore  sediment  transport  rate  for 
still-water  depth  contours:  (a)  "non-adjusted"  for  rela- 
tive trapping  times,  (b)  "adjusted"  for  relative  trapping 
times.   Groyne  #3,  loops  1-3. 


Essentially  zero  longshore  transport  was  calculated  for  the  upper 
swash  contours  for  the  loop  1  to  3  survey  interval.  This  suggests  that 
construction  of  the  groyne  (or  some  other  localized  process)  removed 
more  material  from  the  near-barrier  profile   than  was   replaced  by 
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longshore  (or  cross-shore)  processes.  As  described  above,  this  is  very 
likely  since  the  pumping  activity  of  groyne  construction  often  leads  to 
significant  localized  erosion  high  upon  the  foreshore — an  area  which  is 
wetted  for  only  brief  intervals  during  the  high  tide.  Accordingly,  the 
estimate  of  the  longshore  transport  for  the  upper-most  depth  contours 
derived  from  loops  1  to  3  is  probably  biased  to  the  low  side. 

Best  estimate  of  distribution.  Bearing  in  mind  the  comments  made 
above  regarding  each  of  the  three  survey  intervals  which  were  analyzed, 
the  most  probable  description  of  the  longshore  sediment  transport 
distribution  is  given  by  the  loop  2  to  loop  3  data  (Fig.  5-6b).  How- 
ever, as  mentioned,  the  relative  contribution  to  the  longshore  transport 
by  the  uppermost  swash  contours  may  be  overestimated.  The  relative 
contribution  just  above  the  still-water  level  (z  =  0  to  +0.5  m)  may  be 
slightly  under-estimated,  since  the  loops  1-2  and  1-3  results  indicate 
transport  peaks  over  these  shoreline/swash  contours. 

5.2.3  Groyne  #4 

For  the  fourth  impoundment  experiment  (Groyne  #4),  a  pyramid-style 
groyne  of  high  integrity  was  deployed  across  the  beach  on  a  falling 
spring  tide.  Beach  profiles  were  surveyed  before  groyne  deployment 
(loop  1),  three  to  eight  hours  after  deployment  on  the  subsequent  rising 
and  falling  tide  (loops  2  and  3,  respectively),  and  sixteen  to  twenty- 
one  hours  after  deployment  on  the  next  rising  and  falling  tide,  (loops  4 
and  5,  respectively).  Like  loops  2  and  3  of  Groyne  #3,  the  profile 
changes  measured  between  loops  2-3  and  loops  4-5  ideally  represent  high 
quality  impoundment  data  since  the  surf  zone  was  "bounded"  by  the 
barrier  during  the  predominantly  high-tide  condition  which  existed 
during  these  survey  intervals. 
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Loops  4-5.  Figure  5-11  illustrates  the  smoothed  total  transport 
functions  calculated  along  several  depth  contours  from  the  measured  loop 
4-5  beach  profile  changes  (using  least-squares  matrix  tidal  deconvolu- 
tion).  The  loop  4  to  loop  5  impoundment  interval  represents  the  most 
complete  set  of  potentially  meaningful  field  survey  data;  that  is,  cal- 
culation of  the  total  transport  function  was  possible  out  to  consider- 
able depths  (z  <  -1.4  m)  because  profile  data  were  collected  out  to 
NGVD  elevations  of  -0.70  m  and  the  high  tide  reached  an  NGVD  elevation 
of  +0.75  m  during  the  survey  interval.  Furthermore,  these  depth  con- 
tours were  relatively  well  bounded  by  the  groyne  during  the  survey 
interval  because  of  the  great  length  and  relief  of  the  groyne.  The 
effective  trapping  times  and  barrier  relief  calculated  for  the  loop  4-5 
interval  (Figure  5-12)  indicate  that  impoundment  data  for  elevations 
above  z=-1.3  m  are  potentially  reasonable  (At^/At  >  0.8  and  Ag  >  15 
cm).  The  relatively  large  offshore  spacing  between  measurements  for  the 
two  farthest  updrift  profiles  did  not  allow  reasonable  resolution  of 
profile  changes  and  so  portions  of  these  profiles  (z  <  -0.1  m  NGVD) 
were  excluded  from  data  analysis. 

Cross-shore  components  of  the  total  transport  functions  were  iden- 
tified and  removed,  and  the  "non-adjusted"  longshore  transport 
rate,  q  (z),  was  calculated  out  to  z=-1.3  m.  Because  depth  contours 
above  z— 1.2  m  were  blocked  by  the  barrier  for  the  entire  survey 
interval  (  At£/At  =  1.0  ),  the  "non-adjusted"  longshore  transport 
rate,  q  (z),  is  essentially  identical  to  the  "adjusted"  longshore 
transport  rate  qy(z).  The  latter  is  shown  in  Figure  5-13.  The 
distribution  of  transport  is  slightly  bimodal,  with  peaks  immediately 
landward  of  the  breakpoint  and  the  shoreline.  Considerable  transport  is 
noted  above  the  shoreline. 


146 


rrrr&Jttfftfr^ 


E 
< 


O 

z 


rr 
o 

Q_ 
(f) 

■z. 
< 
rr 
h- 


04c 


-04c 


£2Z2 


'■H>' 


^frff/i 


0.6 
0.5 
0.4 
0.3 
0.2 

0.1 

0.0 

-0.1 

r-0.2 

-0.3 


r 

m 


o 

2 


-30    0        50        100       150      200 
DISTANCE    FROM    BARRIER  (m) 


Figure  5-11:  Total  transport  function,  A(z),  calculated  for  each  of  10 
profiles,  and  illustrated  along  various  depth  contours. 
Groyne  #4,  loops  4-5. 
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Figure  5-12:  (a)  Effective  relative  trapping  time  for  which  each  depth 
contour  was  bounded  by  the  groyne;  (b)  effective  time- 
weighted  barrier  relief  for  each  depth  contour  (arrows 
indicate  variation  with  time).   Groyne  #4,  loops  4-5. 


Loops  2-3.  As  described  above,  the  loop  2  to  loop  3  survey  inter- 
val should  also  represent  a  high  quality  impoundment  data  set.  Although 
the  depth  contours  for  which  data  were  available  were  well  blocked  by 
the  barrier  for  practically  the  entire  survey  interval,  the  measured 
beach  profile  data  are  poorly  conditioned  for  analysis.  Specifically, 
the  total  transport  functions  calculated  for  half  of  the  profiles  by 
either   "simple"   or   matrix  tidal   deconvolution  were  of  poor  quality 
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Figure  5-13:  Distribution  of  longshore  sediment  transport  rate  for 
still-water  depth  contours  (essentially  identical  to  the 
"non-adjusted"  estimate  since  practically  all  contours 
shown  were  blocked  for  the  entire  impoundment  interval). 
Groyne  #4,  loops  4-5. 


(i.e.,  total  rms  errors  >  50%).  Irregularities  of  the  tidally  decon- 
volved transport  functions  along  most  depth  contours  precluded  the 
rational  estimation  of  cross-shore  signal  identification.  Furthermore, 
the  loop  2  beach  profile  survey  immediately  updrift  of  the  barrier  is 
suspect  because  the  profile  does  not  "close"  above  the  foreshore  with 
other  profiles  at  this  location.  Overall,  it  is  thought  that  the  signal 
to  noise  ratio  of  the  loop  2-3  survey  data  and  deconvolved  transport 
values  is  not  sufficiently  large  enough  for  meaningful  data  analysis. 

Loops  1-3.  Analysis  of  beach  profile  changes  which  occurred  during 
groyne  construction  and  the  first  high-tide  impoundment  interval,  loops 
1-3,  avoids  use  of  the  suspect  loop  2  survey  data.  However,  the  depth 
contours  for  which  data  are  available  were,   of  course,  not  always 
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effectively  blocked  by  the  groyne  during  the  loop  1-3  interval.   Figure 
5-14  illustrates  the  relative  trapping  time, At  /At,  and  the  (minimum) 
effective  time-weighted  barrier  relief,  Ag,  for  relevant  depth  contours 
during  the  loop  1-3  interval. 
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Figure  5-14:  (a)  Effective  relative  trapping  time  for  which  each  depth 
contour  was  bounded  by  the  groyne;  (b)  effective  (minimum) 
time-weighted  barrier  relief  for  each  depth  contour. 
Groyne  #4,  loops  1-3. 
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Least-squares  matrix  tidal  deconvolution  produced  total  transport 
functions  for  each  set  of  profiles  which,  when  smoothed,  appeared  reas- 
onable and  fairly  accurate  (i.e.,  total  rms  error  of  20%  to  40%). 
Estimates  of  the  cross-shore  contribution  to  the  transport  function 
along  each  depth  contour  were  made  and  subsequently  removed.  The  "non- 
adjusted"  longshore  sediment  transport  rate  was  then  calculated  for  each 
depth  contour.  The  results  are  illustrated  in  Figure  5-15a.  Anomalous 
negative-valued  estimates  were  obtained  for  depths  greater  than  z=-0.6 
m;  accordingly,  transport  data  beyond  this  depth  was  excluded  from 
further  analysis.  Relative  trapping  times  below  z=-0.6  m  fell  below 
At£/At  =  0.3,  while  the  effective  barrier  relief  was  reduced  to  Ag  =  25 
cm  or  less.  The  "non-adjusted"  longshore  transport  values  were  modified 
by  the  relative  trapping  time  At^/At  for  each  depth  contour;  the 
resulting  estimate  of  the  distribution  of  longshore  transport  rate  is 
shown  in  Figure  5-1 5b.  Peak  values  are  associated  with  the  breaker 
location,  and  significant  levels  of  longshore  transport  are  again 
observed  above  the  shoreline. 

Loops  1-5.  The  "non-adjusted"  longshore  transport  distribution 
developed  from  profile  changes  measured  between  the  pre-deployment 
survey  loop  (loop  1)  and  21  hours  after  groyne  deployment  (loop  5)  is 
shown  in  Figure  5-1 6a.  These  estimates  were  modified  by  the  relative 
trapping  time  calculated  for  each  contour  and  the  results  are  shown  in 
Figure  5-16b.  Estimates  below  z=-0.6  m  were  excluded  (for  which 
At£/At  <  0.43  and  Ag  <  22  cm).  The  distribution  is  similar  to  that 
calculated  for  loop  1-3,  with  maxima  about  the  break  point  and  signifi- 
cant transport  above  the  shoreline.  However,  the  error  bars  (associ- 
ated with  uncertainties  in  identification  of  cross-shore  contributions 
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Figure  5-15:  Distribution  of  longshore  sediment  transport  rate  for 
still-water  depth  contours:  (a)  "non-adjusted"  for  rela- 
tive trapping  times,  (b)  "adjusted"  for  relative  trapping 
times.   Groyne  #4,  loops  1-3. 


and  the  updrift  extent  of  impoundment)  obscure  much  of  the  distribution 
profile.  The  severity  of  the  error  bars  is  not  unexpected  in  this  case, 
since  the  directional  wave  characteristics  changed  somewhat  between  the 
loop  1-3  and  loop  4-5  survey  intervals  (see  Table  3.2). 
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5.3  Total  Longshore  Sediment  Transport 
Table  5-1  lists  the  total  longshore  sediment  transport  rate,  Q», 
calculated  for  the  results  of  each  field  experiment  impoundment  inter- 
val.  These  values  were  obtained  through  integration  of  the  local  long- 
shore sediment  transport  rate  from  maximum  rup-up  to  the  depth  contour 
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Figure  5-16:  Distribution  of  longshore  sediment  transport  rate  for 
still-water  depth  contours:  (a)  "non-adjusted"  for  rela- 
tive trapping  times,  (b)  "adjusted"  for  relative  trapping 
times.   Groyne  4,  loops  1-5. 
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for  which  the  groynes  were  considered  to  be  reasonable  barriers  (as 
described  in  the  preceding  pages  for  each  experiment  and  survey 
interval).  Approximate  values  of  the  longshore  wave  energy  flux  factor 
were  obtained  from  the  visual  and  radar  estimates  of  the  surf  conditions 
(Table  3-2)  and  are  also  listed  in  Table  5-1.  The  range  of  K  values 
from  the  CERC  Formula  for  each  result  is  also  listed,  where 


1l                   (Pa  "  P)g  a'Qo 
K  =  ^  =  , *—- l- (5.1) 


P      1      2  j 

1  16  pg  H  /ghb  sin  2ctt 


The  sediment  porosity  factor  a1  was  taken  as  0.6.  Since  the  values  for 
the  surf  parameters  were  taken  from  visual  measurements,  the  term  P»  is 
most  closely  related  to  the  significant  longshore  flux  factor  P„  ,  for 
which  the  "recommended"  value  of  K  is  0.39  (CERC,  1984). 


Table  5-1:   Total  Longshore  Transport — Field  Data 


Study 
(Gr#/Loop) 

Groyne#2/l-3 

•A 

(mJ/hr) 
4.2-5.1 

89-103 

K 
.11- 

.15 

h*/hb 

0.94 

At 
(hrtmin) 

18:35 

> 

At, 
At 

0.54 

Ag 
(cm) 

>  14 

#2/1-2 

3.8-5.1 

89-103 

.10- 

.15 

-.16 

5:25 

> 

0.43 

>  10 

Groyne#3/2-3 

7.3-9.0 

105-119 

.16- 

.23 

0.90 

4:30 

> 

0.56 

>  10 

#3/1-2 

2.8-3.7 

105-119 

.06- 

.09 

0.51 

13:00 

> 

0.10 

>  18 

#3/1-3 

1.2-4.1 

105-119 

.03- 

.11 

0.64 

17:30 

> 

0.21 

>  13 

Groyne#4/4-5 

13.5-19.9 

64-  69 

.52- 

.83 

1.44 

3:10 

> 

0.50 

>  16 

#4/1-3 

10.5-14.8 

167-202 

.14- 

.24 

0.67 

15:30 

> 

0.30 

>  24 

#4/1-5 

4.9-9.2 

140-167 

.08- 

.18 

0.89 

28:45 

> 

0.40 

>  23 
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The  total  longshore  transport  values  calculated  from  the  field  data 
are  generally  smaller  than  the  corresponding  values  calculated  using  the 
CERC  Formula.  Two  notable  exceptions  are  Groyne  #3,  loops  2-3,  and 
Groyne  #4,  loops  4-5.  It  is  recalled  that  these  two  data  sets  represent 
"ideal"  impoundment  intervals  during  which  the  surf  zone  was  effectively 
bounded  by  a  high-integrity  barrier.  Accordingly,  longshore  transport 
values  were  obtained  for  depth  contours  out  to  breaking  (Groyne  #3, 
loops  2-3)  or  past  breaking  (Groyne  #4,  loops  4-5),  and  so  it  is 
reasonable  to  believe  that  most  of  the  total  longshore  drift  across  the 
surf  zone  was  accounted  for  (neglecting  losses  over  the  top  of  the 
groyne).  In  addition,  the  survey  intervals  for  these  two  data  sets  were 
very  short  (3  to  4-1/2  hours  each);  therefore,  the  calculated  total 
transport  functions  for  each  data  set,  A  =  Ax/At,  are  generally  larger- 
valued,  since  At  is  smaller.  Although  estimates  of  the  longshore 
transport  rate  were  made  almost  out  to  the  break  point  for  Groyne  #2, 
loops  1-3,  the  quality  of  the  groyne  for  this  experiment  was  relatively 
poor  compared  to  the  third  and  fourth  experiments,  and  so  bypassing  was 
probably  more  severe.  Accordingly,  the  calculated  K  value  is  relatively 
small.  The  majority  of  the  total  longshore  transport  estimates  in  Table 
5-1  were  calculated  for  survey  intervals  for  which  data  were  not  avail- 
able out  to  breaking  and/or  for  longer  times  between  the  survey  loops. 
Hence  it  is  not  surprising  that  the  estimates  of  the  total  longshore 
drift  appear  low  for  these  data  sets.  The  approximate  time  between 
survey  loops,  At,  and  the  normalized  depths  to  which  the  total  longshore 
transport  rates  were  calculated,  (hA/hb),  are  also  listed  in  Table  5-1. 

Finally,  it  is  most  probable  that  the  total  longshore  transport 
rates  calculated  from  the  field  impoundment  data  underestimate  the 
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actual  longshore  transport  rate  because  none  of  the  groynes  were 
complete  longshore  barriers.  As  described  previously,  the  relief  of 
each  groyne  was  between  10  and  90  cm  above  the  bed.  Suspended  sediment 
was  observed  to  flow  over  the  groynes — especially  about  the  still-water 
level  and  along  those  contours  for  which  the  trap  was  relatively  full. 
The  magnitude  of  the  "overwash"  bypassing  near  the  still-water  level  can 
appear  visually  significant.  A  similar  phenomenon  was  observed  by  this 
author  across  a  wooden  weir  at  Rudee  Inlet,  Virginia.  Measurements  of 
the  sediment  flow  over  the  top  of  the  non-filled  portions  of  the  weir 
(made  by  this  author  as  well  as  Dr.  T.  Walton,  CERC)  suggested  that  the 
amount  of  sediment  which  bypassed  the  high-relief  sections  of  the  weir 
was  small  relative  to  the  total  transport  across  the  weir. 

Regarding  suspended  load  bypassing  for  deeper  contours,  initial 
results  from  a  field  investigation  by  Dr.  N.  Kraus  of  CERC  (personal 
communication)  suggest  that  about  40%  of  the  total  suspended  longshore 
transport  load  is  carried  in  water  depths  above  a  level  20  cm  beyond  the 
bed,  as  well  as  in  the  wave  crest.  Since  the  contribution  of  the 
suspended  load  to  the  total  transport  is  not  known  for  the  field 
experiments,  it  is  difficult  to  estimate  the  extent  to  which  the  groynes 
bypassed  suspended  load. 

It  is  believed  that  no  bypassing  occurred  for  the  upper  swash 
contours.  However,  the  effects  of  the  groyne  construction  and  its 
presence  across  the  beach  may  have  potentially  altered  the  measured 
impoundment  along  these  contours.  Spurious  effects  of  the  groyne  upon 
the  measured  sediment  impoundment  are  discussed  in  conjunction  with  the 
laboratory  results  in  Chapter  7. 
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5.4  Limiting  Effectiveness  of  the  Groynes 
The  limiting  values  for  which  the  relative  trapping  time,  Atn/At, 
and  the  effective  time-weighted  barrier  relief,  Ag,  indicate  ineffective 
trapping  by  the  barrier  were  not  known  a_  priori.  Accordingly,  for  a 
first  estimate,  the  values  of  At^/At  and  Ag  were  noted  for  the  depth 
contours  beyond  which  the  calculated  longshore  impoundment  rates  were 
anomalous  (i.e.,  indicated  small  signal  to  noise  ratio  or  were  negative- 
valued).  These  values  are  shown  for  each  data  set  in  Table  5-1. 
Generally,  it  appears  that  impoundment  data  were  unreasonable  for  depth 
contours  bounded  by  the  barrier  for  less  than  half  the  survey  interval 
(i.e.,  At^/At  <  0.5)  or  bounded  by  a  time-weighted  barrier  relief  Ag  of 
less  than  10  to  20  cm.  The  field  experiments  did  not  encompass  a  wide 
range  of  wave  heights  or  surf  conditions;  however,  the  results  suggest 
that  minimum  barrier  relief  should  be  greater  than  22%  to  30%  of  the 
breaking  wave  height  for  reasonable  impoundment  measurements. 

5.5  Offshore  Distribution  of  Longshore  Transport 
for  the  Two  "Best"  Data  Sets 

The  results  of  Groyne  #3,  survey  loops  2-3,  and  Groyne  #4,  survey 

loops  4-5,  are  considered  by  the  author  to  be  the  most  complete  and  best 

estimates  of  the  longshore  transport  distribution  from  the  available 

field  data  of  this  study.   It  is  recalled  that  these  two  data  sets 

include  impoundment  data  taken  over  a  relatively  short-term  period  when 

the   surf   zone  was   fairly   completely   "bounded"   by   a   substantial 

barrier.   Of  the  two,  the  results  of  Groyne  #4,  survey  loops  4-5,  are 

preferred  because  the  data  analysis  extended  beyond  the  breaking  depth 

contour.    Additionally,  the  distribution  calculated  across  the  swash 

zone  for  the  data  of  Groyne  #3  is  also  slightly  suspect,  as  previously 
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discussed.  Figures  5-17  and  5-13  illustrate  the  longshore  transport 
distribution  across  the  width  of  the  surf  zone  for  the  two  data  sets. 
The  values  of  the  local  longshore  transport  (per  unit  offshore  distance) 
in  each  figure  were  calculated  as  described  in  Chapter  4,  Section  8. 
Additionally,  the  approximate  longshore  current  distribution,   wave 
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Figure  5-17:  The  longshore  transport  distribution,  longshore  current, 
wave  height,  and  average  beach  profile  across  the  surf 
zone  for  Groyne  #4,  loops  4-5  '(the  better  of  the  two 
"best"  field  data  sets). 
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height  distribution,  and  the  average  beach  profile  are  shown  for  each 
data  set  in  the  figures.  The  longshore  current  and  wave  height 
distributions  were  roughly  estimated  from  the  data  presented  as  a 
function  of  depth  in  Figures  3-17  and  3-26.  The  longshore  current  and 
wave  height  at  any  particular  depth  z^  was  then  "mapped"  to  the 
corresponding  offshore  location  on  the  average  beach  profile  for  which 
the  tidally-averaged  depth  was  equal  to  z.. 
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Figure  5-18:   The  longshore  transport  distribution,   longshore  current, 

wave  height,   and   average   beach   profile  across  the  surf 

zone  for   Groyne  #3,   loops  2-3   (the   poorer   of  the  two 
"best"  field  data  sets). 


CHAPTER  6 

LABORATORY  INVESTIGATION: 

MODEL  APPARATUS 

AND  EXPERIMENTAL  METHOD 


6.1  Introduction 

In  order  to  better  interpret  the  field  results  and  to  enhance 
understanding  of  the  processes  which  affect  the  longshore  sediment 
transport  distribution,  short-term  longshore  transport  impoundment 
experiments  were  conducted  in  the  laboratory.  For  the  experiments,  a 
fine-sand  moveable-bed  beach  was  constructed  in  the  main  wave  basin  at 
the  University  of  Florida  Coastal  and  Oceanographic  Engineering 
Laboratory.  The  basin  is  approximately  28  m  x  28  m  in  planform,  bounded 
by  a  1  m-high  concrete  wall,  and  is  equipped  on  one  end  with  an  88- 
paddle  directional  "snake"  wavemaker  capable  of  producing  regular  waves 
with  a  single  desired  direction. 

Briefly  stated,  the  approach  of  the  field  investigation  was  repro- 
duced on  the  laboratory  beach,  but  with  several  alterations  intended  to 
increase  control.  The  model  beach  was  pre-equilibrated  to  desired 
(regular)  wave  conditions  and  beach  profiles  along  the  model  were  sur- 
veyed. A  sheet-metal  groyne  was  then  inserted  in  the  absence  of  the 
waves  and  five  to  forty  minutes  of  waves  (actual  time)  were  run  in  the 
model.  The  resulting  sediment  impoundment  against  the  groyne  was 
estimated  from  subsequent  "post-impoundment"  surveys  of  the  beach. 
Details  of  the  physical  model  and  experimental  techniques  used  in  the 

laboratory  investigation  are  described  in  this  chapter. 
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6.2  The  Physical  Model 
The  beach  was  composed  of  125  tons  of  well-sorted  fine  quartz  sand 
(D50  =  0.16  mm,  sorting  coeffecient  SQ  =  v'D^/D^  =  1.27)  of  median  fall 
velocity  wg  =  1.7  cm/sec.  The  beach  was  positioned  in  the  middle  of  the 
wave  basin  such  that  the  shoreline  and  toe  of  the  beach  made  a  10-degree 
angle  to  the  directional  "snake"  wavemaker  (see  Figure  6-1).  The  back- 
shore  of  the  model  was  supported  by  an  81  cm-high  block  wall  while  the 
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Figure  6-1:   Plan  view  of  the  laboratory  model. 
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the  sides  were  supported  by  concrete-block  and  wooden  templates  cut  to  a 
"design"  beach  profile  shape  (described  below).  The  approximate 
shoreline  length  was  19  m;  the  distance  from  the  backshore  to  the  toe 
was  14  m.  The  remainder  of  the  basin  consists  of  a  level  concrete  floor 
with  a  short  downward-sloping  section  immediately  in  front  of  the 
wavemaker.  Roughly  75  cubic  meters  of  gravel  were  spread  along  the 
inside  of  the  basin  walls  to  act  as  a  wave  absorber. 

The  "snake"  wavemaker  in  the  basin  consists  of  88  coupled  paddles, 
24  cm  wide,  which  are  driven  by  one  shaft  but  which  may  be  phased 
individually  in  order  to  a  create  a  wave  train  from  any  single  desired 
direction  (within  pratical  limits  of  ±  30°).  Regular  waves  are  created 
within  a  range  of  periods  T  =  0.5  to  2.0  seconds. 

The  placement  and  orientation  of  the  model  beach  relative  to  the 
wavemaker  was  decided  through  an  optimization  procedure.  Specifically, 
it  was  desired  that  wave  directions  between  normal  incidence  through  20- 
degrees  breaking  wave  incidence  could  be  applied  to  the  model  for 
maximum  coverage  of  the  shoreline  and  for  maximum  shoreline  length. 

Hughes'  (1983)  moveable-bed  modeling  law  was  utilized  to  scale  the 
model  beach  based  upon  typical  prototype  profiles  measured  during  the 
field  investigation  at  the  FRF.  (It  is  noted  that  the  model  was  not 
intended  to  completely  replicate  the  field  site;  that  is,  the  effects  of 
the  pier  and  other  indigenous  FRF  beach  morphology  were  not  included  in 

the  model.)   The  fall-velocity  scale  was  established  as  N   =  1.47,  and 

w         ' 

the  time  scale  was  selected  as  NT  =  6.  After  Hughes,  this  resulted  in 
vertical  and  horizontal  length  scales  of  N  ~  9  and  N,  =  18, 
respectively,  and  therefore  a  2:1  horizontal/vertical  distortion.  The 
time  scale  was   chosen  such  that  the  short-term  (high  tide)  field 
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impoundment  intervals  could  be  modeled  in  a  30-50  minute  period.  From 
experience,  this  seemed  to  be  an  adequate  time  span  for  which  a 
significant  level  of  impoundment  might  be  observed  in  the  laboratory 
before  the  updrift  beach  (which  was  not  "fed")  became  depleted  or 
unacceptably  irregular.  The  time  scale  was  also  chosen  such  that  the 
corresponding  vertical  and  horizontal  length  scales,  applied  to  the 
field  profiles,  suggested  a  model  geometry  which  closely  resembled  an 
equilibrium  profile  for  the  model's  median  grain  size.  Specifically, 
Dean  (1977),  among  others,  has  suggested  an  equilibrium  beach  profile: 


h(x)  =  A  x2/3  (6a) 


where  the  depth  h  at  a  distance  offshore  x  is  described  as  a  function  of 
the  dimensional  parameter  A.  Moore  (1982)  described  the  value  of  A  as  a 
function  of  sediment  size.   For  the  model  sand,  A  =  0.078  m1/3.  The 

best-fit   A   parameter  for  the  field  profiles   was   found  to  be   A  = 

1/3 
0.13  m   ,  which,  when  scaled  to  the  model,  becomes  A  =  0.1  m1//3. 

Accordingly,  for  the  submerged  portion  of  the  "design"  model  beach 

profile,  the  average  value  A  =  0.089  m1/3  was  selected.   Based  upon 

(scaled)  foreshore  characteristics  of  the  field  site,  the  subaerial 

portion  of  the  "design"  model  profile  was  selected  as  an  approximately 

planar  slope.   Precisely,  the  "design"  model  beach  profile  was 

f  0.152  x    -2.5  <  x  <  -1.22  m 
h(x)=J  0.135  x    -1.22  x  <  -0.61  m  (6.2) 

0.130  x    -0.61  <x  <  0.095  m 
L   0.089  xZ/J        x  >0.095  m 

where  Eq.  (6.2)  is  expressed  in  meters  and  in  model  scale.   In  practice, 
this  "design"  profile  proved  relatively  stable  for  all  wave  conditions 
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which  were  tested;  that  is,  the  foreshore  and  shallow  contours  reponded 
to  various  surf  conditions,  while  contours  deeper  than  about  23  cm 
(model  scale)  remained  fairly  stationary. 

The  "design"  basin  water  depth  was  44.5  cm  such  that  the  toe  of  the 
model  corresponded  to  the  4-meter  depth  contour  of  the  prototype.  Table 
6-1  summarizes  the  physical  model  design  parameters. 

Fresh  water  was  supplied  to  the  basin  through  two  V-notched  weir 
boxes  located  on  either  side  of  the  wavemaker.  The  weir  box  discharge 
areas  were  partially  separated  from  the  main  basin  by  splash  walls. 
Water  could  be  emptied  from  the  basin  through  either  of  two  gates 
located  near  the  weir  box  discharge  areas.  The  water  level  in  the  basin 
could  be  changed  during  a  wave  trial,  if  desired. 

Selection  of  appropriate  wavemaker  parameters  to  achieve  a  desired 
surf  condition  was  aided  by  a  computer-based  algorithm.  In  particular, 
for  given  values  of  wavemaker  stroke,  paddle  phase,  period,  and  water 
depth,  the  height  and  angle  of  the  waves  generated  by  the  paddle  were 
calculated  after  Dean  and  Dalrymple  (1984).  The  corresponding  deepwater 
wave  parameters  were  calculated  using  linear  theory  and  the  breaking 
wave  height  was  then  estimated  after  Weishar  and  Byrne  (1978).  The 
corresponding  breaking  depth  was  found  through  Weggel's  (1972)  approxi- 
mation of  the  breaker  index,  k  =  Hb/hb,  and  the  wave  angle  at  breaking 
was  then  estimated  using  Snell's  law.  From  the  "design"  beach  profile, 
the  bed  slope  at  the  estimated  breaking  depth  was  next  calculated  in 

order  to  approximate  the  surf  similarity  parameter,  £   =  m//H  /L  ,  from 

b       bo 

which  the  breaker  type  was  predicted  after  Battjes  (1974).  In  practice, 
this  algorithm  predicted  surf  parameters  with  reasonable  accuracy 
(generally  within  10%  to  40%). 
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Table  6-1:   Physical  Model  Design  Paramters 


Median  sediment  size Dt-0  =  0.16  mm 

Sorting  coefficient S  =  1.27 

Median  Fall  Velocity w  =1.7  cm/sec 

Shoreline  Length ~  19  m 

Backshore  to  toe  length ~  14  m 

Time  scale NT  =  6 

Vertical  length  scale   n=9 

Horizontal  length  scale   N,  =  18 

Distortion  (horizontal:vertical)  2:1 

Design  water  depth  hbasin  =  ^*5  cm 

Design  foreshore  slope mf  =  0.13 

Design  (submerged)  profile  h(x)  =  Ax2'3 

Design  "A"  parameter A  =  0.089  m1/3 


6. 3  Profiling  Apparatus 

Two  shore-parallel  rails  were  installed  along  the  beach  as  shown  in 
Figure  6-2.  Spanning  the  rails  was  an  8.5  m-long  wheeled  truss  which 
could  be  moved  along  the  rails  (and  therefore  along  the  beach)  using  a 
single  loop  of  cable  wound  about  a  winch.  Another  pair  of  rails 
extended  along  the  top  of  the  truss  (i.e.,  shore-perpendicular).  A  cart 
was  built  to  move  along  these  top  rails  (and  therefore  across  the 
beach),  via  a  pulley  positioned  at  the  shoreward  end  of  the  truss. 

The  cart  supported  a  profiling  device  which  operated  as  described 
below.  The  horizontal  position  of  the  cart  along  the  top  rails  was 
indicated  by  the  voltage  drop  across  a  potentiometer  geared  to  a  fifth 
"tracking  wheel"  on  the  cart.  The  elevation  of  the  bed  was  measured  by 
a  "profiling  arm,"  which  was  attached  to  the  cart  through  another  poten- 
tiometer.   At   the   bottom  end  of  the  profiling  arm  was  a  small  freely 


165 


Figure  6-2:   Oblique  sketch  of  the  support  walls,  rail  system,  cart,  and 
profiler  used  in  the  laboratory  model. 


rotating  PVC  wheel  (3.3  cm.  dia  x  2  cm  tread  width).  As  the  cart  was 
moved  seaward,  the  profiling  arm  swung  behind  and  below  the  cart — 
following  the  beach  profile  as  the  small  wheel  at  the  bottom  of  the  arm 
rolled  along  the  bed.  The  angle  which  the  profiling  arm  made  with  the 
cart-horizontal  was  indicated  by  the  voltage  drop  across  the  potenti- 
ometer through  which  the  arm  was  connected.  Using  simple  geometry,  this 
angle  was  interpreted  as  the  distance  between  the  bed  and  the  cart's 
horizontal  reference.  Thus,  the  elevation  of  the  bed  was  determined  at 
any  point  over  the  portion  of  the  beach  which  was  covered  by  the 
rails.  The  location  of  the  profiler  along  the  shoreline  was  determined 
from  a  marker  which  indicated  the  position  of  the  truss  along  the  bottom 
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rails.     The   geometric   considerations   required   to   determine   bed 
coordinates  from  the  profiling  system  are  described  in  Appendix  E. 

The  potentiometers  utilized  a  ±  15  V  power  supply  with  individual 
provisions  for  separate  two  sided  (+/-)  zero  offset  and  profiler-arm 
signal  amplification.  If  so  desired,  the  offset  and  amplification 
features  provided  increased  profile  resolution  across  any  portion  of  the 
beach.   The  profiler  circuit  diagram  is  shown  in  Appendix  E. 

The  profiling  apparatus  on  the  cart  was  hard-wired  to  a  data 
acquisition  system  using  50  meters  of  cable.  The  cable  was  strung  along 
a  steel  line  above  the  model  via  springs  and  pulley-blocks,  and  was 
thereby  free  to  follow  the  movement  of  the  cart.  The  analog  signals 
from  the  potentiometers  were  digitized  using  an  11-bit  A/D  converter 
interfaced  to  a  Hewlett-Packard  HP-85  computer.  This  provided  for 
standard  horizontal  and  vertical  profiler  resolution  of  3.3  mm  and  0.35 
mm,  repectively.  In  practice,  profile  measurements  could  be  repeated 
within  1  mm  rms  vertical  deviation. 

The  cart  and  profiling  arm  were  operated  manually  from  a  boardwalk 
behind  the  model.  For  each  profile,  reference  (bench-mark)  signals  were 
taken  from  the  potentiometers;  then  the  cart  was  slowly  moved  seaward. 
Constant-speed  motion  was  not  necessary,  as  horizontal-tracking  and 
profiler  arm  signals  were  taken  at  any  point  along  the  rails  within  less 
than  0.01  seconds  of  one  another.  The  signal  pairs  were  interrogated  by 
the  HP-85  computer  at  any  desired  burst  interval.  Typical  sample  rate 
was  1.25  Hz  for  a  horizontal  spacing  of  5  to  15  cm  between  points  on  a 
profile.  At  the  end  of  a  profile,  the  arm  was  raised  and  locked  in  its 
"up"  position  by  pulling  a  thin  nylon  line  through  a  cam-cleat  located 
near  the  rear  of  the  cart.    Profiles  were  always  taken  towards  the 
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seaward  direction  so  that  the  profiler  wheel  generally  travelled 
"downhill"  (else  the  wheel  could  gouge  the  bed).  The  profiler  arm  was 
counter-balanced  so  that  the  wheel  would  roll  just  over  the  top  of  the 
bed  and  leave  a  barely  discernible  track.  Sand  would  occasionally 
contaminate  the  bearing  of  the  profiler  wheel  and  cause  it  to  drag  along 
the  bed  instead  of  roll.  This  problem  was  avoided  by  generously  washing 
the  profiler  wheel  and  axle  with  water  at  the  beginning  of  each 
profile.  During  all  profiling  operations,  the  water  was  drained  from 
the  basin  to  the  deepest  profile  depth. 

Use  of  the  profiler  was  limited  to  the  area  of  the  model  bounded  by 
the  rail  system  (i.e.,  the  landward  8.5  m  of  the  beach).  However, 
screeding  and  inspection  of  the  beach  after  many  tests  indicated  that 
bed  changes  seaward  of  the  rail  system  were  negligible  for  the  wave 
conditions  used  in  the  laboratory  experiments. 

The  seaward-most  bottom  rail  was  supported  by  2.5  cm-diameter  pipes 
located  on  3  m  centers.  The  presence  of  these  pipes  was  not  observed  to 
significantly  affect  the  surf  zone  as  they  were  relatively  small 
compared  to  the  model  wavelengths  (diameter/wavelength  <  0.02).  The 
landward-most  bottom  rail  was  supported  by  the  back  wall  of  the  model. 
The  entire  rail  system  was  horizontally  leveled  to  within  ±1.5  mm. 

6.4  Wave  Measurement 


Wave  measurements  over  the  basin  floor  were  made  by  a  capacitance 
wave  probe  located  between  the  toe  of  the  beach  and  the  wavemaker.  Wave 
measurements  across  the  surf  zone  were  made  by  a  second  capacitance 
probe  mounted  upon  the  profiling  cart.  The  cross-shore  position  of  the 
latter  probe  was  indicated  by  the  cart's  horizontal  tracking  system. 
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The  wave  height  envelope  across  the  swash  zone  and  very  close  to 
shore  was  measured  using  a  so-called  "wave  board".  For  each  "wave 
board"  measurement,  a  plywood  board  was  cut  to  the  measured  shape  of  the 
foreshore.  The  bottom  of  the  board  was  positioned  upon  the  foreshore 
and  the  level  of  the  still  water  line  across  the  board  was  marked.  The 
board  was  then  soaked  in  water,  covered  with  sand,  and  briefly  returned 
to  its  position  on  the  foreshore  in  order  to  record  the  passage  of 
several  waves/swash.  The  crest  envelope  of  the  waves  and  swash  were 
clearly  indicated  upon  the  board  by  the  absence  of  sand.  The  width  of 
this  envelope — referenced  to  the  still  water  mark  or  the  bottom  of  the 
board — was  taken  as  an  estimate  of  the  wave  height  or  swash  height, 
respectively,  along  the  board.  The  "wave  board"  measurements  poten- 
tially under-estimate  wave  heights  due  to  lack  of  a  trough  envelope,  but 
potentially  over-estimate  wave  heights  due  to  wicking,  splash,  and  wave 
induced  set-up.  Wave  height  data  established  from  the  capacitance  probe 
and  the  "wave  board"  agreed  within  5%  to  30%  for  those  locations  where 
the  two  measurement  systems  overlapped. 

6.5  Longshore  Current  and  Wave  Angle 
Measurement 

Longshore  currents  across  the  surf  zone  were  estimated  from  the 

time-rate  of  movement  of  a  cross-shore  injection  of  rhodamine  dye  into 

the  water.   The  dye  was  mixed  with  water  from  the  basin  before  injection 

and  so  was  fairly  neutrally  buoyant.   Movement  of  the  dye  injection 

along  the  beach  was  recorded  by  still-photograpby  from  a  platform  8  m 

above  the  model.   Bright  markers  and  a  large  clock  were  laid  upon  the 

beach  for  distance-  and  time-scaling  in  the  photographs.   The  breaking 

wave  angle,  relative  to  the  rear  retaining  wall  of  the  model,  was  also 
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estimated  from  the  photographs.  Since  the  seaward  face  of  the  retaining 
wall  was  established  as  the  survey  baseline,  the  wave  angle  relative  to 
the  breaking  depth  contour  could  be  then  estimated  from  inspection  of 
the  model's  surveyed  bathymetric  coutours. 

6.6  Flourescent  Sand  Tracer 
Ninety  kilograms  of  sand  were  tagged  with  four  different  colors  of 
fluorescent  dye  and  subsequently  ground  and  re-seived  to  match  the  grain 
size  distribution  of  the  native  model  material.  When  needed,  approxi- 
mately uniform  strips  of  this  tracer,  2  cm  in  width,  were  injected 
across  the  bed.  The  distribution  of  the  time-rate  of  movement  of  the 
tracer  after  three  to  six  minutes  of  wave  action  was  to  be  used  as  a 
qualitative  estimate  of  the  distribution  of  longhsore  sediment  transport 
across  the  surf  zone  and  to  assess  the  extent  of  groyne  by-passing.  The 
field  of  tracer  dispersion  was  illuminated  by  flooding  the  model  with 
intense  black  light  provided  by  two  filtered  mercury-vapor  lamps  mounted 
8  m  above  the  model.  Illumination  was  accomplished  late  at  night  while 
the  laboratory  was  otherwise  completely  dark.  Isolines  of  both  "major" 
and  "minimal"  concentrations  of  fluorescent  tracer  were  marked  by 
different-colored  ropes  laid  along  the  beach.  These  ropes  were  then 
photographed  from  above  in  daylight  to  indicate  the  approximate  tracer 
dispersion  field.  Color  photography  of  the  black-lit  tracer  fields 
(using  1600  ASA  high-speed  film  at  long-exposures)  provided  rather 
eerie-looking  images  of  the  major  tracer  dispersion  but  did  not 
adequately  indicate  the  typically  large  areas  of  small  tracer 
concentration. 
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Visual  estimation  of  the  tracer  dispersal  is  both  approximate  and 
subjective  because  it  relies  on  the  eyes'  ability  to  detect  relative 
levels  of  illumination.  However,  the  visual  technique  was  preferred 
over  conventional  tracer-counting  methods  because  counting  techniques 
are  extremely  difficult  and  time-consuming  for  small  diameter  sands  such 
as  used  in  this  model.  In  many  cases,  it  was  found  that  the  tracer 
studies  often  yielded  poor  quality  transport  signals — principally 
because  of  the  difficulty  in  discerning  and/or  quantifying  the  tracer 
field.  Accordingly,  the  results  of  the  tracer  studies  are  not  typically 
emphasized  in  the  discussion  of  the  laboratory  results. 

6.7  Experimental  Procedure 

Preparation  for  a  typical  laboratory  experiment  began  with  draining 
all  of  the  water  out  of  the  basin.  Four  plywood  templates,  cut  to  the 
"design"  beach  profile,  were  then  inserted  into  and  across  the  beach  at 
approximately  3.6  m  spacing  along  the  beach.  Insertion  of  the  templates 
was  accomplished  by  trenching  the  model  down  to  the  basin  floor.  The 
trenches  along  the  templates  were  re-filled  and  the  beach  was  then 
screeded  in  3.6  m-wide  sections  at  a  time  to  the  "design"  beach  pro- 
file. Screeding  was  accomplished  by  dragging  a  4  m-long  wooden  board 
over  the  plywood  templates.  After  screeding,  the  templates  were  removed 
and  sand  was  replaced  and  smoothed  across  the  long,  narrow  spaces  left 
by  the  templates.  Sediment  deposited  upon  the  floor  from  the  sides  of 
the  model  during  previous  tests  was  replaced  onto  the  back-beach. 

The  basin  was  re-filled  with  water  to  a  level  several  centimeters 
above  the  "design"  water  level  (in  order  to  saturate  the  upland  beach) 
and  then  dropped  to  the  "design"  water  level.   The  wavemaker  was  then 
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configured  for  the  desired  wave  height,  period,  and  direction  for  the 
experiment.  In  the  absence  of  any  shoreline  obstructions,  twenty  to 
thirty  minutes  (model  scale)  of  waves  were  run  in  the  basin  to 
establish  a  beach  state  of  cross-shore  quasi-equilibrium.  Sedment  which 
flowed  off  the  sides  of  the  model  was  usually  collected  from  the  basin 
floor  and  replaced  to  the  back-beach.  The  water  was  then  drained  to  the 
seaward  limit  of  the  rails  and  beach  profiles  were  measured  along  the 
beach  with  intensive  concentration  in  the  vicinity  of  the  proposed 
groyne  site.  A  single,  low-profile,  sheet-metal  groyne  was  then 
installed  across  the  beach  and  the  water  level  was  raised  to  the 
"design"  level.  Five  to  forty  minutes  of  waves  were  then  run  in  the 
basin.  During  this  time,  waves  and  longshore  current  were  measured  as 
described  previously,  and  the  beach  and  groyne  were  carefully  observed 
for  surf-zone  anomalies  and  barrier  by-passing.  After  the  impoundment 
interval  associated  with  the  wave  run,  the  water  was  again  drained  from 
the  basin  to  the  seaward  limit  of  the  rails,  and  the  earlier  set  of 
beach  profiles  was  re-measured. 

For  some  tests,  the  water  level  was  then  raised  once  again  to  the 
"design"  level  and  another  wave  run  and  subsequent  post-impoundment 
beach  profiling  loop  were  executed.  For  tests  in  which  a  new  but 
similar  wave  condition  was  to  be  investigated,  the  groyne  was  removed 
and  the  beach  was  crudely  re-screeded  by  distributing  impounded  sand 
evenly  across  beach  contours  defined  by  various  water  levels  in  the 
basin.  For  those  cases  in  which  the  beach  was  greatly  perturbed  by  the 
previous  experiment  or  a  greatly  different  wave  condition  was  to  be 
tested,  the  basin  was  completely  drained  and  re-screeded  using  the 
"design"  profile  templates  described  previously. 
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In  all  cases  there  was  no  updrift  artificial  "supply"  of  sand 
during  the  short-term  impoundment  intervals,  nor  was  a  longshore  current 
introduced  artificially  in  the  basin,  nor  were  wave  training  walls 
used.  The  extent  of  end-effects  and  anomalous  features  along  the  model 
were  determined  by  inspection  of  dye  injections  along  the  surf  zone.  In 
all  cases,  the  groyne  was  established  in  a  location  where  the  longshore 
current  appeared  well-established  and  the  beach  was  relatively  free  of 
anomalies  for  at  least  two  or  three  surf  zone  widths  updrift  of  the 
groyne. 

6.8  Laboratory  Data  Analysis 
The  beach  profiles  measured  in  the  laboratory  experiments  were 
analyzed  in  a  similar  manner  to  the  field  data  in  order  to  establish 
total  transport  functions  (related  to  the  impoundment  rate  along  the 
beach).  Tidal  deconvolution  was  not  necessary  except  for  those  tests 
which  included  simulated  tidal  changes.  Although  the  beach  was  pre- 
established  In  a  state  of  cross-shore  quasi-equilibrium  for  each  test, 
cross-shore  transport  contributions  to  the  total  transport  function 
(i.e.,  the  profile  changes)  were  still  considered.  As  expected,  these 
contributions  were  relatively  small.  Deviations  from  the  previously 
described  data  analysis  are  described  where  appropriate  in  the  next 
chapter. 


CHAPTER  7 
LABORATORY  INVESTIGATION:  RESULTS 

7.1  Introduction 

This  chapter  describes  the  experimental  conditions  and  immediate 
findings  of  the  laboratory  investigation  of  the  distribution  of  long- 
shore sediment  transport  using  impoundment  techniques.  For  discussion 
purposes,  the  laboratory  experiments  are  separated  into  five  test 
series.  Each  series  represents  a  single  type  breaking  wave  condition: 
spilling,  plunging/spilling,  plunging,  plunging/collapsing,  or 
collapsing.  The  effect  of  tidal  fluctuation  was  investigated  in  the 
plunging/collapsing  series.  The  plunging/spilling  series  most  closely 
models  the  tideless  field  experiment  conditions.  The  laboratory 
experiments  were  not  necessarily  executed  in  the  order  with  which  they 
are  described  below. 

It  is  noted  that  all  results  are  presented  in  prototype  scale 
unless  otherwise  noted.  The  model/prototype  scaling  relationships  are 
described  in  the  previous  chapter  and  are  summarized  in  Table  6-1. 
Representative  surf  conditions  for  each  laboratory  test  series  are 
presented  in  both  prototype  and  model  scales  in  Table  7-1. 
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Table  7-1:   Representative  Surf  Conditions 
for  Laboratory  Test  Series 


Prototype  Scale 

Exp't.    \    hh     ab     T    xb    V 
(m)    (m)    (deg)    (s)    (m)    (m) 


b   bas_in 


(m) 


PL/SP    1.11  1.04  12.0  8.1  30.5   0.64  0.104  0.63  0.30  4.0 

0.83*  0.60*  ~11*  18.4*  0.35* 

PL       1.10  1.04  16.2  11.9  25.6   0.91  0.075  0.81  0.37  4.0 

PL/CLPS  0.80  0.59  14.5  9.6  12.3  0.25  0.102  0.73  0.45  4.1 

CLPSt    0.53  0.48  14.2  10.8  7.6   0.30  0.066  0.50  0.69  4.0 

SP       0.94  1.29  10.8  5.1  39.5   0.69  0.054  0.36  0.15  4.1 

Model  Scale 


Exp f t . 


H, 


H 


*b     llb     ub     x    xb 
(cm)    (cm)   (deg)    (s)    (m)   (cm) 


R    5, 

(cm) 


basin 
(cm) 


PL/SP    12.3  11.6  12.0  1.35  1.7  7.1  0.208  7.0  0.30  44.5 

9.2*  6.7*  -11*  1.0*  0.35* 

PL       12.2  11.6  16.2  1.98  1.4  10.1  0.150  9.0  0.37  44.5 

PL/CLPS   8.9  6.6  14.5  1.60  0.7  2.8  0.204  8.1  0.45  45.5 

CLPSt     5.9  5.3  14.2  1.80  0.4  3.3  0.132  5.5  0.69  44.5 

SP       10.4  14.3  10.8  0.85  2.2  7.7  0.108  4.0  0.15  46.0 


Notes: 

Breaking  wave  types:   PL=p lunging,  SP=spiliing,  CLPS=collapsing 

xfe:   average  surf  zone  width  (still  water  shoreline  to  breakpoint) 

m^ :   average  foreshore  slope 

R:   vertical  wave  run-up 

5b:   surf  similarity  parameter  (using  average  breakpoint  bed  slope) 

*   inner  break  position 

t   conditions  at  mean  water  (i.e.,  non-tidal  test). 
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7.2  Plunging/Spilling  Series — Field  Experiment 
Conditions  Without  Tide 

7.2.1   Description  of  Experiment 

As  described  in  the  previous  chapter,  the  laboratory  beach  profile 
was  modeled  after  typical  profiles  characteristic  of  the  field  experi- 
ment site.  For  the  plunging/spilling  test  series,  the  wave  conditions 
were  similarly  selected  to  represent  typical  field  experiment  condi- 
tions; i.e.,  plunging  and/or  spilling  breakers  between  0.5  and  1.0 
meters  in  height,  8  to  9  seconds  in  period,  and  6  to  10  degrees  in 
shoreline  angle.  During  the  model  tests,  the  breaker  position  migrated 
irregularly.  This  was  most  probably  due  to  the  presence  of  a  long  wave 
in  the  model  basin,  but  the  migration  was  not  significant  in  the  other 
test  series.  In  Table  7-1,  the  wave  conditions  for  this  series  are 
reported  for  both  the  extreme  seaward  ("outer")  and  landward  ("inner") 
locations  of  the  break.  It  is  noted  that  the  "inner"  break  was  not  the 
second  breaking  of  the  reformed  wave  associated  with  the  "outer"  break. 

The  model  beach  was  screeded  to  the  "design"  profile,  as  described 
in  the  preceding  chapter,  and  equilibrated  to  the  series'  wave  condi- 
tions in  the  absence  of  any  groyne  for  approximately  3  hours  (prototype 
time).  The  pre-impoundment  survey  loop,  "A",  was  executed,  a  single 
groyne  was  installed,  and  waves  were  run  for  3  hours  and  12  mintues, 
after  which  survey  loop  "B"  was  taken.  Another  4-1/2  hours  of  the  same 
wave  conditions  were  run,  after  which  survey  loop  "C"  was  taken.  This 
series  therefore  resulted  in  two  successive  impoundment  intervals.  The 
profile  of  the  groyne,  and  beach  profile  changes  adjacent  to  the  groyne 
are  shown  in  Figure  7-1. 
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Figure  7-1:  (a)  Profile  of  groyne  and  adjacent  beach  profiles  (survey 
loop  "C"),  and  beach  profile  changes  immediately  (b)  down- 
drift  and  (c)  updrift  of  the  groyne.  Plunging/spilling 
test  series  (prototype  scale). 
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7-2.2  Appropriate  Groyne  Profile 

In  an  earlier  (un-reported)  laboratory  trial,  it  was  observed  that 
a  groyne  which  extends  well  above  the  swash  wave  height  on  the  lower 
foreshore  and/or  well  above  the  still  water  level  elsewhere  creates  a 
very  strong  rip  along  the  groyne  and  significant  (observable)  wave 
reflection  from  the  updrift  side  of  the  groyne.  The  strong  rip  steepens 
the  waves  near  the  end  of  the  groyne  thereby  altering  the  local  breaking 
wave  condition.  The  strong  rip  is  also  thought  to  transport  consider- 
able amounts  of  sediment  seaward  thereby  skewing  the  impoundment  profile 
towards  the  offshore  direction.  The  significant  wave  reflection  off  the 
groyne  can  lead  to  the  formation  of  a  cusp-like  feature  updrift  of  the 
groyne  where  the  reflected  waves  interfere  with  the  incident  waves  at 
the  shoreline.  This  cusp-like  feature  interrupts  littoral  transport 
along  the  shoreline.  Decreasing  the  groyne  elevation  (such  that  at 
least  most  of  the  wave  crest  passes  over  the  groyne)  significantly 
reduces  the  updrift  rip  and  wave  reflection  caused  by  the  groyne's 
presence.  After  experimenting  with  several  groyne  profiles,  it  was  con- 
cluded that  wave  crest  overtopping  and  suspended-load  losses  associated 
with  a  low-profile  groyne  compromised  experimental  quality  much  less 
severely  than  the  alteration  of  the  sediment  transport  field  caused  by  a 
high-profile  groyne.  Additionally,  the  low-profile  groyne  is  a  fairly 
accurate  representation  of  the  groynes  constructed  for  the  field 
experiments  (for  high  tide  conditions  in  the  field.) 

In  view  of  the  above,  a  low-profile  groyne  was  used  in  all  of  the 
laboratory  tests.  When  necessary,  the  groyne  was  locally  reinforced  in 
height  during  a  wave  run  in  order  to  crudely  maintain  a  constant  local 
groyne  relief  above  the  bed  and  to  prevent  by-passing  as  sand  impounded 
against  the  updrift  side. 
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7.2.3  First  Impoundment  Interval 

The  total  transport  function  A(z)  as  determined  from  the  horizontal 
displacement  of  the  model  beach  contours  between  survey  loops  "A"  and 
"B"  is  illustrated  for  most  of  the  entire  beach  in  Figure  7-2.  The 
transport  function  is  similar  to  those  presented  for  the  field  experi- 
ment results  described  in  Chapter  5.  As  the  transport  function  is  shown 
here  primarily  for  purposes  of  qualitative  discussion,  as  follows, 
Figure  7-2  illustrates  the  transport  function  in  model  scale. 

Downdrift  changes.  Like  the  field  results,  the  transport  function 
indicates  considerable  localized  accretion  against  the  downdrift  side  of 
the  barrier.  Although  some  localized  accretion  (or  at  least  stability) 
was  expected  on  the  downdrift  side  due  to  "shadow  zone"  effects  of  the 
groyne,  the  magnitude  and  distribution  of  this  accretion  as  observed  in 
the  field  results  was  initially  perplexing.  However,  the  benefit  of 
greater  observational  clarity  and  the  increased  quantities  of  profile 
data  possible  in  the  laboratory  revealed  the  processes  associated  with 
this  downdrift  accretion.  On  the  downdrift  side  of  the  barrier,  a 
strong  current  was  observed  to  flow  along  the  shoreline  towards  the 
groyne  in  addition  to  a  strong  rip  which  flowed  offshore  along  the 
downdrift  side  of  the  groyne  (see  Figure  7-3).  The  magnitudes  of  the 
longshore  current  and  rip  were  equal  to  or  greater  than  the  longshore 
current  and  rip,  respectively,  observed  on  the  updrift  side  of  the 
groyne.  The  longshore  current  began  flowing  updrift  about  one  groyne 
length  leeward  of  the  groyne.  Further  downdrift,  the  current  flowed  in 
the  downdrift  direction,  as  expected.  The  rip  began  in  the  swash  zone 
and  extended  well  past  the  break  point.  It  is  thought  that  the  updrift- 
flowing  longshore  current  was  partly  a  diffraction  current  flowing  into 
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Figure  7-2:  The  total  transport  function  determined  for  the  first  im- 
poundment interval  of  the  plunging/spilling  test  series, 
(model  scale). 
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the  shadow  zone  of  the  groyne.  This  current  was  diverted  by  the  groyne 
as  a  rip  which  flowed  against  the  incoming  waves  and  induced  an 
effective  refraction  of  the  waves  around  the  end  of  the  groyne.  The 
waves  were  observed  to  refract  into  the  downdrift  area  of  the  groyne  at 
an  angle  opposite  in  sign  to  that  of  the  updrift  side.  This  induced  a 
longshore  current  (opposite  in  sense  to  that  on  the  updrift  side)  which 
enhanced  the  downdrif t-side  diffraction  current  and  which  therefore 
enhanced  the  downdrif t-side  rip.  As  one  might  imagine,  the  wave/current 
pattern  on  the  downdrift  side  was  quite  remarkable  to  observe.  If  the 
sediment  transport  corresponded  in  magnitude  and  complexity  to  that  of 
the  downdrift-side  current  field,  then  considerable  amounts  of  sediment 
were  carried  towards   the  groyne  and  subsequently  smeared  in  the 
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Figure  7-3:   Illustrative  sketch  of  wave  and   current  pattern  around  the 
impoundment  barrier  in  the  laboratory  model.   Not  to  scale. 
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offshore  direction  by  the  rip.  This  may  explain  the  significant 
magnitude  and  unusual  distribution  of  accretion  observed  on  the  down- 
drift  side  of  the  groynes  in  both  the  field  and  this  test  series' 
laboratory  results.  Localized  recession  on  the  downdrift  side  might  be 
viewed  as  localized  profile  steepening  in  response  to  the  altered  wave 
conditions  caused  by  the  rip  at  the  groyne.  The  transport  function 
appears  quasi-symmetric  across  the  groyne  at  some  depth  contours; 
however,  this  is  not  typical  of  the  laboratory  test  results.  In 
summary,  it  is  thought  by  this  author  that  local  downdrif t-side  profile 
changes  are  generally  misrepresentative  of  updrift-side  transport 
processes;  therefore,  downdrif t-side  profile  changes  should  not  be  used 
to  interpret  local  updrift-side  processes  until  an  improved 
understanding  of  wave  and  current  patterns  in  the  vicinity  of  a  shore- 
perpendicular  barrier  is  achieved. 

Updrift  changes.  The  total  transport  function  and  associated 
profile  changes  on  the  updrift  side  of  the  groyne  are  also  generally 
similar  to  those  observed  in  the  field  experiments.  Like  the  field 
results,  accretion  is  noted  against  the  groyne  at  most  contours  within 
the  surf  zone.  Recession  near  the  groyne  (mostly  outside  of  the  surf 
zone)  is  generally  consistent  with  recession  all  along  the  contour  and 
so  probably  reflects  fairly  alongshore-uniform  cross-shore  processes  at 
these  contours.  Like  the  field  results,  some  recession  or  relatively 
low  accretion  signals  are  noted  immediately  adjacent  to  the  groyne. 
Observation  of  the  model  suggested  that  these  impoundment  "anomalies" 
are  associated  with  localized  scour  and  offshore  transport  due  to  the 
rip  and  associated  wave  steepening  along  the  updrift  side  of  the  groyne. 
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End  effects.  An  important  difference  between  the  profile  changes 
measured  in  the  field  and  in  the  laboratory  experiments  comes  about 
because  of  the  finite  length  of  the  laboratory  beach.  Whereas  it  may  be 
assumed  that  the  field  site  had  an  infinite  supply  of  sediment  for 
longshore  impoundment,  the  supply  in  the  model  was  limited  to  the 
updrift  length  of  beach  for  which  the  longshore  current  was  developed. 
The  finite  lengths  of  the  wavemaker  and  the  updrift  stretch  of  beach  in 
the  model  basin  resulted  in  an  updrift  end  effect  manifest  as  an  along- 
shore diffraction  current  which  flowed  towards  the  updrift  end  of  the 
beach.  Hence  a  nodal  point  in  the  longshore  current  (and  sediment 
transport)  clearly  existed  on  the  updrift  side.  For  this  series'  tests, 
the  nodal  point  was  identified  by  dye  injections  at  approximately  4.8  m 
updrift  of  the  groyne  (model  scale).  Presumably  because  the  nodal  point 
was  induced  by  an  unnatural  model  end  effect,  the  gradient  of  longshore 
current  (and  sediment  transport)  was  unusually  large  at  the  nodal  point; 
accordingly,  considerable  recession  was  observed  here  (see  Figure 
7-2).  Downdrift  of  the  node,  sediment  was  carried  towards  the  groyne  by 
the  prevailing  longshore  current  generated  by  the  obliquely  incident 
waves  and  was  deposited  against  or  bypassed  over/around  the  barrier. 
Updrift  of  the  node,  sediment  was  carried  updrift  by  the  diffraction 
currents  and  deposited  near  the  updrift  end  of  the  model.  This  updrift 
area  accreted  because  sand  was  mostly  prevented  from  flowing  off  the 
updrift  end  of  the  model  due  to  very  localized  wave  refraction  at  the 
model's  ends;  furthermore,  the  diffraction  current  lost  some  of  its 
transporting  power  as  it  diffused  in  the  low  wave  energy  environment  of 
the  far  updrift  area.  Similarly,  losses  off  the  far  downdrift  end  of 
the  beach  were  much  less  than  expected  because  the  localized  wave 
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refraction  at  the  far  downdrift  end  prevented  some  of  the  sand  from 
spilling  onto  the  basin  floor.   This  resulted  in  a  local  accretion  at 
the  far  downdrift  end  (not  shown  in  Figure  7-2)  which  reinforced  the 
localized  wave  refraction  there. 

Data  analysis  methodology.  Most  beach  profiles  measured  in  this 
test  series  were  characterized  by  a  steep  planar  foreshore  with 
considerable  terracing  below  the  still  water  level — but  with  few  bar 
features.  Accordingly,  profile  changes  were  analyzed  in  the  same  manner 
as  described  for  the  field  data;  that  is,  the  total  transport  function 
A(z)  was  developed  from  the  horizontal  displacement  of  depth  contours 
along  the  beach.  Specifically,  for  the  most  general  case,  where  a  depth 
contour  of  either  or  both  surveys  of  a  particular  beach  profile  was 
uniquely  described,  terraced,  or  rippled,  the  horizontal  displacement  Ax 
was  calculated  from 

Ax  =  (x2c_Xlc)  "  (x2b_xlb)  +  (x2a_xla)  (7a) 

where  the  offshore  locations  x  are  described  graphically  in  Figure  7-4. 
For  a  uniquely  defined  contour  of  profile  number  'n', 


^nb 


(7.2) 


such  that  Ax  in  Eq.  (7.1)  is  simply  given  by  X2~Xi  if  the  depth  contour 
is  uniquely  defined  for  both  surveys  of  a  profile.  For  a  contour  which 
includes  a  terrace  feature  for  profile  number  'n', 
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(7.3) 


and  xnc  represents  the  seaward  limit  of  the  terrace.  For  a  profile 
contour  "contaminated"  by  a  single  ripple  feature,  each  of  the  x  terms 
for  the  profile  are  uniquely  valued. 
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Figure  7-4:  Graphical  description  of  variables  used  to  calculate  the 
horizontal  displacement  Ax  between  two  beach  profiles  for 
the  general  case  of  a  non-uniquely  defined  contour. 


Identification  of  the  cross-shore  component  of  transport  and  the 
longshore  impoundment  signal  from  the  laboratory  transport  functions  was 
similar  to  the  approach  used  for  the  field  data.  As  with  the  field 
data,  the  laboratory  data  analysis  was  restricted  to  the  updrift  side  of 
the  groyne.  An  idealized  total  transport  function  along  a  contour  z  is 
illustrated  in  Figure  7-5  for  the  updrift  side  of  the  groyne.  The 
transport  q(y)  (a  cumulative  function  obtained  by  integrating  the 
transport  function  along  the  beach  and  updrift  from  the  barrier)  is  also 
shown.  The  local  transport  q(ye)  is  the  cumulative  value  of  the 
transport  function  at  the  far-updrift  end  of  the  beach,  and  therefore 
represents  the  net  local  rate  of  updrift  volumetric  sediment  loss  or 
gain  along  the  depth  contour.  The  labelled  regions  approximately  corre- 
spond to    (A)  fillet  due  to  longshore  transport  impoundment  by  the 
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barrier,  (B)  recession  associated  with  supply  of  impoundment  fillet,  (C) 
longshore  transport  losses  over  the  barrier  and  updrift  transport  due  to 
diffraction  current,  and  (D)  accretion  due  to  updrift  end  effect.  The 
alongshore  location  yA  corresponds  to  the  near-barrier  maxima  of  the 
cumulative  function  q(y),  which  is  also  the  updrift  limit  of  impoundment 
caused  by  the  barrier.  If  there  were  no  losses  off  the  beach  or  across 
the  barrier,  and  no  net  cross-shore  transport  processes,  the  cumulative 
function  at  the  end  of  the  beach,  q(ye),  would  be  zero-valued.  Since 
very  little  sediment  was  ever  recovered  from  the  basin  floor  next  to  the 
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Figure  7-5:  Idealized  total  transport  function,  A(y),  and  associated 
transport,  q(y),  along  a  given  depth  contour  (or  offshore 
location)  updrift  of  the  barrier  on  the  laboratory  beach. 
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far  updrift  end  of  the  model,  updrift  losses  may  be  assumed  as  small. 
Hence,   a  non-zero  value  of  q(yg)  would  indicate  that  cross-shore 
transport  processes  or  barrier  bypassing  was  present. 

If  bypassing  is  neglected  and  the  cross-shore  processes  are  assumed 
to  be  fairly  uniform  along  the  beach,  then  the  cross-shore  component  C 
of  the  total  transport  function  is  q(ye)*ye.  This  value  is  removed  from 
the  total  transport  function  and  the  result  is  integrated  updrift  from 
the  barrier  to  y*.  This  yields  one  estimate  of  the  local  longshore 
transport  rate  q^(z)  at  the  contour. 

If  cross-shore  processes  are  neglected  and  bypassing  is  instead 
considered,  the  local  rate  of  bypassing  is  simply  q(y  ).  A  second 
estimate  of  the  local  longshore  transport  rate  is  therefore  given  by  the 
bypassing  rate  |q(ye)|  plus  the  impoundment  rate,  where  the  latter  is 
obtained  by  integrating  the  "raw"  total  transport  function  updrift  from 
the  barrier  to  y*. 

These  two  estimates,  respectively,  represent  the  low  and  high 
estimates  of  the  local  longshore  transport  rate  at  the  contour  of 
interest.  A  potenially  better  estimate,  which  includes  both  cross-shore 
processes  and  bypassing,  is  also  described.  The  average  value  of  the 
total  transport  function,  estimated  far  updrift  of  the  groyne  (regions  C 
and  D)  is  assumed  to  approximate  the  cross-shore  component  C  and  is 
subsequently  subtracted  from  the  total  transport  function  along  the 
contour.  The  local  longshore  transport  rate  is  then  taken  as  the 
impoundment  rate  (calculated  as  described  for  the  first  estimate)  plus 
the  bypassing  rate  |q(ye)|,  where  the  latter  is  adjusted  by  the  cross- 
shore  contribution  C-yg.  This  third  estimate  of  the  local  longshore 
transport  rate  is  possible  only  if  the  total  transport  function  along 
the  contour  is  well-conditioned. 
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The  actual  profile  data  yields  total  transport  functions  which  are 
similar  to  the  ideal  case  shown  in  Figure  7-5.  However,  signal  quality 
varies  between  contours/offshore  locations  and  between  tests.  As  an 
example,  the  updrift-side  total  transport  functions  shown  in  Figure  7-2 
are  fairly  typical  of  the  laboratory  test  results.  Error  bars  shown 
throughout  this  chapter  for  the  estimates  of  local  longshore  transport 
rate  generally  reflect  the  difference  between  the  low-  and  high-valued 
estimates  described  above,  and/or  uncertainties  in  the  updrift  extent  of 
the  impoundment  fillet.  Slight  differences  in  analysis  methodology  for 
other  test  series  are  discussed  individually  for  each  series  where 
appropriate. 

Longshore  sediment  transport  distribution  profile.  The  profile 
change  data  from  the  first  impoundment  interval  of  the  plunging/spilling 
test  series  were  analyzed  along  1  cm  depth  contours  (model  scale)  as 
described  above.  The  resulting  estimate  of  the  local  longshore  trans- 
port rate  per  unit  depth,  q^z),  was  transformed  to  the  local  rate  per 
unit  offshore  distance,  q£(x),  as  described  in  Chapter  4,  Section  8.  In 
Figure  7-6,  the  offshore  distribution  of  the  longshore  sediment  trans- 
port rate  is  illustrated,  along  with  the  measured  wave  height  and 
longshore  current  data,  and  the  average  representative  beach  profile. 
The  agreement  between  the  laboratory  model  results  and  che  "best"  field 
results  (Figures  5-17  and  5-18)  is  good,  particularly  if  the  break  point 
in  the  laboratory  test  is  taken  as  the  average  location  of  the  "inner" 
and  "outer"  migrating  break  locations.  The  longshore  transport 
distribution  is  bimodal  for  both  field  and  laboratory  results  with  one 
peak  in  the  outer  surf  zone  and  another  near  the  approximate  shoreline. 
Approximately  30%  of  the  total  transport  is  observed  above  the  shoreline 
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Figure  7-6:  The  longshore  transport  distribution,  longshore  current, 
wave  height,  and  average  beach  profile  across  the  surf  zone 
for  the  first  impoundment  interval  of  the  plunging/spilling 
test  series  (prototype  scale). 


with  about  10%  to  20%  seaward  of  the  break  point.  The  total  longshore 
transport  for  the  laboratory  test  results  is  27.5  to  38.5  m3/hr.  (For 
comparison,  the  total  transport  rate  found  for  the  most  complete  field 
impoundment  experiment  was  13.5  to  19.9  m3/hr. )   The  impoundment  fillet 
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typically  extended  to  about  29  m  updrift  of  the  groyne.    This  is 
approximately  equal  to  the  average  surf  zone  width. 

Longshore  current  profile.  The  Lagrangian  measurement  of  the 
longshore  current  indicated  that  the  local  maxima  was  located  near  the 
shoreline  (Figure  7-6).  This  feature,  as  well  as  the  overall  longshore 
current  profile,  is  consistent  with  that  predicted  by  McDougal  and 
Hudspeth  (1981)  for  an  equilibrium  beach  of  the  same  general  shape  used 
in  all  of  the  laboratory  tests.  Figure  7-6  also  indicates  a  strong 
longshore  current  in  the  swash  zone.  More  precisely,  the  longshore 
movement  of  the  dye  observed  above  the  mean  shoreline  was  not  associated 
with  a  temporally  continuous  current,  but  was  instead  associated  with 
the  longshore  component  of  the  swash  water  particle  motion  upon  the 
beachface.  For  the  present,  however,  the  latter  is  treated  as  a 
longshore  current. 

7.2.4  Second  Impoundment  Interval 

The  analysis  methodology  described  above  and  utilized  for  the 
profile  change  data  of  the  first  impoundment  interval  was  applied  to 
that  of  the  second  interval  (survey  loops  "B"  to  "C").  The  local 
longshore  transport  distribution  (calculated  per  unit  depth)  was 
transformed  to  a  distribution  across  shore  and  is  shown  in  Figure  7-7. 
The  longshore  transport  distribution  found  for  the  first  impoundment 
interval  is  also  shown  for  comparison;  the  error  bars  have  been  deleted 
for  clarity  of  presentation.  It  Is  noted  that  the  longshore  transport 
distribution  derived  from  the  second  impoundment  interval  is  skewed 
seaward  compared  to  that  of  the  first  interval.  More  detailed 
investigations   of   this   effect   (discussed   in   the  following  pages  in 
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Figure  7-7:  Comparison  of  the  longshore  transport  distribution  found 
from  the  first  and  second  impoundment  intervals  of  the 
plunging/spilling  test  series  (prototype  scale). 


conjunction  with  other  test  series)  suggest  that  the  distribution  of 
sediment  impounded  against  the  groyne  is  progressively  smeared  with 
time — primarily  offshore — as  the  trap  becomes  full  and  the  waves  and 
groyne-rip  act  to  equilibrate  the  profile  updrift  of  the  groyne. 

The  total  longshore  transport  calculated  for  the  second  impoundment 
interval  is  46.7  to  57  m  /hr,  which  is  considerably  greater  than  that 
calculated  for  the  first  interval.  This  may  be  due  to  the  slight 
heightening  of  the  groyne  undertaken  between  the  first  and  second 
impoundment  intervals  and/or  mis-interpretation  of  the  profile  change 
data  from  either  or  both  intervals.  Subsequent  investigations  of 
impoundment-smearing  over  time  do  not  show  a  discrepancy  in  the  total 
transport  rate  between  impoundment  intervals. 
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7.3  Plunging  Series 
7.3.1   Description  of  Experiment 

After  screeding  the  beach  to  the  approximate  "design"  profile 
described  in  the  previous  chapter,  a  plunging  breaker  wave  condition  was 
established  in  the  basin  of  1.1  m  height,  11.9  s  period,  and  approx- 
imately 16.2°  in  shoreline  angle  (prototype  scale).  The  complete 
series'  test  conditions  are  listed  in  Table  7-1.  The  beach  was 
equilibrated  to  the  series*  wave  conditions  for  approximately  3  hours  in 
the  absence  of  the  groyne,  after  which  the  first  survey  loop  ("A")  was 
taken.  Another  60  minutes  of  waves  were  run  in  the  absence  of  the 
groyne  and  the  second  survey  loop  ("B")  was  taken.  A  low-profile  groyne 
was  then  installed,  30  minutes  of  waves  were  run,  and  the  third  survey 
loop  ("C")  was  taken.  Another  42  minutes  of  waves  were  run,  and  the 
final  survey  loop  ("D")  was  taken.  This  series  therefore  resulted  in  a 
no-groyne  "control"  interval  ("A  to  B")  and  two  successive  impoundment 
intervals  ("B  to  C"  and  "C  to  D").  Alternately,  a  single  impoundment 
interval  ("B  to  D")  may  be  considered.  A  different  trapping  technique, 
using  combination  bedload  and  suspended-load  traps,  was  also  tried 
during  this  test  series,  and  is  described  in  Section  7.3.6. 

Each  survey  loop  of  the  impoundment  trials  of  this  series  included 
sixteen  profile  lines:  four  within  5.4  m  downdrift  of  the  groyne,  and 
twelve  within  52.2  m  updrift,  where  the  spacing  between  lines  increased 
from  1.08  m  near  the  groyne  to  10.8  m  far  updrift.  The  profiles  were 
limited  to  an  area  free  of  end-effects  such  that,  essentially,  only  the 
impoundment  fillet  would  be  reflected  in  the  profile  data. 
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7.3.2  No  groyne  "control"  interval 

Profile  changes  between  survey  loops  "A"  and  "B",  during  which  no 
groyne  was  present,  were  interpreted  as  an  indicator  of  the  degree  to 
which  the  model  beach  was  equilibrated  with  the  wave  conditions  before 
the  impoundment  tests  were  begun.  In  addition,  the  profile  changes  were 
taken  as  an  estimate  of  cross-shore  transport  processes  which  may  have 
been  present  in  the  impoundment  survey  data. 

The  pre-impoundment  profile  change  ("A  to  B")  at  the  eventual  site 
of  the  groyne  is  illustrated  in  Figure  7-8.  The  profile  change 
illustrated  in  the  figure  is  typical  of  all  of  the  profiles  surveyed  for 
the  "A  to  B"  interval.  It  is  observed  that  the  beach  was  well  equili- 
brated with  the  wave  conditions  since  the  profile  changes  measured 
before  the  barrier  installation  were  relatively  small. 
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Figure  7-8:  Beach  profile  change  before  groyne  deployment  at  the 
site  of  the  groyne  for  the  plunging  test  series  (proto- 
type scale). 
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7.3.3   Impoundment  Data  Analysis  Methodology 

The  profiles  measured  during  the  second  survey  loop  of  the  impound- 
ment interval  (loop  "C")  exhibited  strong  bar  features.  Hence,  analysis 
along  depth  contours  for  impoundment  intervals  "B  to  C"  and  "C  to  D"  was 
problematic  because  the  locations  of  the  contours  were  not  uniquely 
defined  by  offshore  distances,  x.  Instead,  the  data  analysis  for  these 
intervals  was  conducted  along  a  series  of  offshore  locations  (at  0.9  m 
spacing,  prototype  scale).  In  general,  it  is  preferable  to  consider 
horizontal  profile  changes  along  contours  or  elevations  z  (as  has  been 
done  up  to  this  point)  rather  than  to  consider  vertical  profile  changes 
along  fixed  offshore  locations  x.  This  is  because  beach  processes  are 
related  to  the  depth  contours — not  necessarily  the  distance  offshore — 
and  the  depth  contours  shift  along  the  beach  during  impoundment.  As  an 
example,  let  a  chosen  offshore  location  originally  correspond  to  a 
particular  depth  contour  along  the  beach.  After  the  beach  accretes  near 
the  groyne  due  to  impoundment  (and  possibly  recedes  farther  updrift  due 
to  a  lack  of  sediment  supply)  location  x  corresponds  to  a  shallow  depth 
near  the  groyne,  (and  possibly  to  a  greater  depth  farther  updrift  of  the 
groyne).  However,  analysis  along  fixed  offshore  locations  was  deemed  a 
reasonable  approach  for  this  test  series  since  the  contours  near  the 
groyne  did  not  shift  seaward  appreciably  (due  to  the  relatively  short 
impoundment  intervals)  and  so  the  depth  was  relatively  uniform  along 
each  offshore  location  of  interest.  The  profile  change  data  for  the 
Interval  "B  to  D"  were  analyzed  along  both  fixed  offshore  locations  and 
along  depth  contours;  the  longshore  transport  distribution  found  for 
each  approach  agreed  satisfactorily. 
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The  total  transport  function,  A(x),  for  analysis  along  offshore 
locations  is  expressed  from  the  "conservation  of  sand"  equation  as: 


a,     yy>   aqy(x) 

9t     ~*      9x   +    3y   ^ 
x  J 

(7.4) 
-  $  •  q  =  A(x) 


where  q  represents  the  local  transport  rate  per  unit  offshore  width  at 
location  (x,y).  From  Eq.  (7.4)  it  is  seen  that  the  total  transport 
function  is  actually  calculated  from  the  profile  data  as  the  vertical 
rate  of  change  of  the  bed  at  location  (x,y). 

Typically,  the  cross-shore  component  along  each  offshore  location 
or  depth  contour  was  taken  as  both  (i)  zero,  and  (ii)  the  average-value 
calculated  along  the  offshore  location  or  depth  contour  for  the  no- 
groyne  "control"  interval  "A  to  B."  These  estimates  were  subtracted 
from  the  total  transport  function  along  each  offshore  location,  and  the 
resulting  values  were  integrated  updrift  from  the  barrier  to  the 
location  where  the  cumulative  transport  function  reached  a  maximum  or 
became  constant  (i.e.,  the  updrift  extent  of  the  impoundment  fillet). 
This  approach  resulted  in  two  estimates  of  the  local  longshore  transport 
rate,  q^(x),  for  each  offshore  location.  Error  bars  presented  in  the 
calculated  longshore  transport  values  which  follow  reflect  the 
difference  between  these  two  estimates  as  well  as  uncertainties  in  the 
updrift  extent  of  the  impoundment  fillet. 
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7.3.4   First  Impoundment  Interval  ("B  to  C") 

The  profile  changes  immediately  updrift  and  downdrift  of  the  groyne 
during  the  first  impoundment  interval  (survey  loops  "B  to  C")  are 
illustrated  in  Figure  7-9.  The  profile  of  the  groyne  is  also  shown. 
Although  profile  changes  further  downdrift  of  the  groyne  (5  m  away) 
predominately  indicated  recession,  downdrift  profile  changes  poorly 
reflected  impoundment-related  updrift  changes. 
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Figure  7-9:  Beach  profile  changes  at  5  meters:  (a)  updrift,  (b)  down- 
drift  of  the  groyne  for  the  first  impoundment  interval  ("B 
to  C")  and  for  the  second  impoundment  interval  ("C  to  D"), 
plunging  test  series.   (Prototype  scale). 
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Figure  7-10  illustrates  the  local  longshore  sediment  transport  rate 
(per  unit  distance  offshore)  as  calculated  along  fixed  offshore 
locations.  The  wave  height  and  longshore  current  distributions,  and  the 
average  beach  profile  (determined  by  the  average  depth  along  each 
offshore  location  of  interest)  are  also  shown.  A  bimodal  longshore 
transport  distribution,   with  peaks  about   the  break  point  and  the 
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Figure  7-10:  The  longshore  transport  distribution,  longshore  current 
wave  height,  and  average  beach  profile  across  the  surf  zone 
for  the  first  impoundment  interval  of  the  plunging  test 
series  (prototype  scale). 
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shoreline,  is  once  again  noted.  A  third  peak  is  observed  in  the  mid- 
surf  zone  and  corresponds  to  the  seaward  face  of  a  bar  (the  relief  of 
which  is  smeared  in  the  average-value  beach  profile  shown  in  the 
figure).  About  34%  of  the  total  transport  occurs  above  the  still  water 
shoreline  with  less  than  10%  occurring  seaward  of  the  break  point.  The 
total  longshore  transport  is  between  56.3  and  73.5  m  /hr.  The  typical 
updrift  extent  of  the  impoundment  fillet  was  about  23.5  m,  or  just  less 
than  one  surf  zone  width. 

7.3.5   Second  Impoundment  Interval  ("C  to  D")  and  Smearing 

Profile  changes  immediately  updrift  and  downdrift  of  the  groyne  for 
the  second  impoundment  interval  are  shown  in  Figure  7-9.  The  local 
longshore  transport  rate  (per  unit  distance  offshore)  as  calculated 
along  offshore  locations  for  this  interval  is  illustrated  in  Figure 
7-11.  The  calculated  longshore  transport  distribution  for  the  first 
interval  is  shown  for  comparison.  It  is  seen  that  the  distribution  for 
the  second  interval  is  shifted  offshore.  The  total  transport,  44.5  to 
71.8  m  /hr,  is  approximately  the  same  as  for  the  first  interval.  As 
suggested  previously,  it  is  thought  that  the  distribution  of  sediment 
impounded  by  the  barrier  is  progressively  skewed  seaward  with  time  due 
to  smearing  by  wave  action  and  the  rip  at  the  groyne.  Specifically,  as 
impoundment  proceeds,  the  profiles  nearest  the  groyne  are  progressively 
enriched  with  an  overabundance  of  sediment  relative  to  the  equilibrium 
beach  state  for  the  wave  conditions  and  water  level.  This  sediment 
accumulation  is  concentrated  about  those  contours  associated  with  the 
greatest  longshore  transport.  Therefore,  the  profiles  nearest  the 
groyne  exhibit  a  shape  which  is  dissimilar  to  the   equilibrium  profile, 
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Figure  7-11:  Comparison  of  the  longshore  transport  distriution  found 
from  the  first  and  second  impoundment  intervals  of  the 
plunging  test  series  (prototype  scale). 


and  contain  a  greater  total  volume  of  sediment  than  is  associated  with 
equilibrium  conditions.  The  waves  then  act  to  rework  the  "surplus" 
sediment.  One  may  expect  that  at  least  part  of  the  surplus  would  be 
pushed  onshore;  however,  this  appears  to  be  prevalent  mainly  for  cases 
of  significant  foreshore  steepening  and  increased  runup  just  updrift  of 
the  groyne  (see  Section  7.5.2,  collapsing  test  series).  Instead,  local 
profile  steepening  caused  by  impoundment  at  contours  of  large-magnitude 
longshore  transport,  along  with  wave  steepening  and  offshore-directed 
stress  associated  with  the  rip  at  the  groyne,  promotes  offshore  trans- 
port which  "smears"  the  impoundment  profile  towards  the  seaward  direc- 
tion. Accordingly,  it  is  important  that  impoundment  intervals  be  of 
short  term  if  the  distribution  of  longshore  transport  is  to  be  derived 
from  the  sediment  impoundment  distribution  before  significant  offshore 
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directed  smearing  occurs.    For  this  case,  offshore  smearing  of  the 
impoundment  fillet  was  observed  in  the  second  impoundment  interval;  that 
is,  during  the  212  waves  which  followed  the  first  150  waves. 

7.3.6  Bed  and  Streamer  Traps 

For  the  plunging  wave  series,  an  alternate  longshore  transport 
trapping  technique  was  executed  for  comparison  to  the  impoundment 
technique.  A  series  of  bedload  and  suspended  load  traps  was  deployed 
across  the  re-screeded  and  wave-equilibrated  beach  in  lieu  of  a 
groyne.  Waves  were  then  run  for  27  minutes  and  the  weight  and  volume  of 
sediment  collected  in  each  of  the  bed  and  streamer  traps  were  measured 
(after  squeezing  the  water  out  of  each  sample  using  nylon  hosiery — see 
Kraus  and  Nakashima,  in  review).  The  bedload  traps  consisted  of  open- 
topped  coffee  cans  or  beer  cans.  The  open  tops  of  the  coffee  cans  were 
bent  into  11.4  cm  *  6.5  cm  rectangular  shapes,  and  the  open  tops  of  the 
beer  cans  were  bent  into  5.3  cm  x  5.3  cm  square  shapes  (model  scale). 
The  streamer  traps  were  made  of  30  cm-lengths  of  nylon  hosiery  (model 
scale)  closed  at  one  end  and  held  open  at  the  other  by  a  wire  loop.  The 
streamer  traps  were  attached  to  the  top  downdrift  edge  of  the  bed  traps 
using  the  wire  loops.  The  assembled  bed  and  streamer  traps  were  dug 
into  the  beach  such  that  the  tops  of  the  bed  traps  were  flush  with  the 
bed.  The  streamer  traps  extended  between  half-way  and  completely 
through  the  still  water  column.  The  four  traps  highest  on  the  foreshore 
were  not  equipped  with  streamer  traps  and  had  1-cm  high  walls  above  the 
bed  on  all  sides  except  the  updrift  opening  side.  The  spacing  between 
traps  was  50  cm  nearshore  increasing  to  3.6  m  outside  of  the  surf  zone 
(prototype  scale). 
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The  distribution  of  the  local  rate  of  sediment  accumulation  for  the 
combined  bed  and  streamer  traps  (per  unit  offshore  distance)  is  shown  in 
Figure  7-12.  The  local  longshore  sediment  transport  rate  derived  from 
the  first  impoundment  interval  ("B  to  C")  is  shown  for  comparison.  Both 
are  normalized  by  their  respective  maxima.  The  local  contribution  of 
the  suspended  load,  expressed  as  the  streamer  trap  accumulation  rate 
divided  by  the  streamer  plus  bed  trap  accumulation  rate,  is  also 
illustrated.  The  distributions  of  the  trap  accumulation  and 
impoundment-derived  longshore  transport  agree  reasonably  well.  It  is 
noted  that  the  bed  traps  were  not  very  efficient  because  they  tended  to 
lift  up  during  the  test  such  that  their  openings  were  no  longer  flush 
with  the  bed.   This  was  most  severe  in  the  mid-surf  zone  on  the  seaward 
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Figure  7-12:  Comparison  of  combined  bed  and  streamer  trap  sediment 
accumulation  rate,  suspended  sediment  contribution,  and 
longshore  sediment  transport  rate  (from  impoundment  data) 
across  shore.  Values  normalized  by  respective  maxima. 
Plunging  test  series. 
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face  of  the  bar.  The  streamer  traps  were  not  very  efficient  because  of 
flow  constrictions  about  the  openings.  Overall,  the  total  volumetric 
accumulation  rate  of  the  traps,  37  m3/hr,  was  34%  to  50%  less  than  the 
total  longshore  transport  rate  determined  by  the  impoundment  tech- 
nique. This  is  attributable  to  the  inefficient  operation  of  the  traps 
and  some  unaccounted-for  impoundment  observed  immediately  updrift  of  the 
traps  (presumably  associated  with  the  low  barrier  formed  by  the  elevated 
bed  traps).  The  relatively  small  contribution  of  the  suspended  load  is 
possibly  attributable  to  the  inefficient  operation  of  the  streamer  traps 
and  inadequate  modelling  of  suspension  transport  in  the  laboratory. 
Finally,  it  is  not  known  how  accurately  the  trapped  sediment  reflects 
solely  longshore  transport  processes. 

7«4  Plunging/Collapsing  Series  and  Tests  with 
Simulated  Tidal  Fluctuations 

7.4.1   Description  of  Experiment 

A  plunging/collapsing  breaking  wave  condition  was  established  in 
the  basin  primarily  to  investigate  the  effect  of  tidal  fluctuations  and 
the  effectiveness  of  tidal  deconvolution.  Additional  insight  to  the 
distribution  of  longshore  transport  and  to  the  potential  smearing  of  the 
impoundment  fillet  was  also  gained. 

The  wave  conditions  in  the  basin  were  selected  so  as  to  create  a 
bar-free  beach  and  a  relatively  "stable"  surf  zone  (i.e.,  non-migratory 
break  point  for  steady  water  level).  The  test  conditions  so  selected, 
are  described  in  Table  7-1  for  the  tideless  beach.  Briefly,  a  plunging/ 
collapsing  breaker  was  developed  with  0.8  m  height,  9.6  second  period, 
and  14.5°  incidence  angle.  In  order  to  simulate  tidal  fluctuations  when 
desired,   the  basin's  pumps  and  weir  gates  were  configured  to  yield 
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average  rates  of  water  level  rise  and  fall  of  2.3  cm/min  and  2.9  cm/min, 
respectively.   The  "design"  tidal  range  was  0.45  m.   The  mean  water 
level  fluctuations  in  the  basin  were  monitored  inside  a  stilling  well  by 
a  capacitance  wave  gauge  connected  to  a  strip  chart  recorder. 

For  the  tidal  simulation  test,  the  beach  was  screeded  and  equili- 
brated to  the  series'  wave  conditions  in  the  absence  of  the  groyne 
during  a  4  hour  low-high-low  tidal  fluctuation.  After  equilibration,  a 
pre-impoundment  survey  loop  ("T-A")  was  taken  and  a  low-profile  groyne 
was  deployed  across  the  beach.  Waves  were  run  for  144  minutes  during  a 
low-high  tidal  fluctuation  after  which  an  intermediate  survey  loop  ("T- 
B")  was  taken.  Another  102  minutes  of  waves  were  subsequently  run 
during  the  high-low  portion  of  the  simulated  tide,  and  the  final  survey 
loop  ("T-C")  was  taken.  The  time  history  of  the  mean  water  level 
fluctuation  in  the  basin  and  the  survey  sequence  is  illustrated  in 
Figure  7-13. 

For  the  non-tidal  tests,  the  water  level  was  held  constant  at  the 
average  level  of  the  tidal  test.  The  wavemaker  settings  were  identical 
for  both  the  tidal  and  non-tidal  tests.  In  the  first  non-tidal  test, 
the  beach  was  re-screeded  and  equilibrated  with  two  hours  of  waves.  The 
first  survey  loop  ("NT-A")  was  taken  and  another  24  minutes  of  waves 
were  run  in  the  absence  of  the  groyne.  A  survey  loop  ("NT-B")  was  then 
taken  and  a  low-profile  groyne  was  installed  across  the  beach.  For  this 
test,  18  minutes  of  waves  were  run  in  the  presence  of  the  groyne  after 
which  the  last  survey  loop  ("NT-C")  was  taken.  Profile  changes  between 
loops  "NT-A"  and  "NT-B",  and  between  "NT-B"  and  "NT-C",  respectively, 
represent  a  no-groyne  "control"  interval  and  a  tideless  (short-term) 
impoundment  interval. 
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Figure  7-13:  Time  history  of  the  mean  water  level  fluctuation  and  survey 
loops  for  the  laboratory  investigation  involving  simulated 
tide  effects  (prototype  scale). 


In  the  second  non-tidal  test,  the  beach  was  again  re-screeded  and 
equilibrated  with  two  hours  of  waves.  An  initial  survey  loop  was  taken, 
a  low-profile  groyne  was  installed,  96  minutes  of  waves  were  run,  and  a 
final  post-impoundment  survey  loop  was  taken.  This  test  represented  a 
single  (longer-term)  impoundment  interval. 

For  the  tidal  and  second  non-tidal  tests,  the  survey  loops  included 
thirteen  updrift  and  three  downdrift  profile  lines.  The  furthest 
downdrift  profile  was  10.8  m  from  the  groyne  while  the  furthest  updrift 
profile  was  45  m  from  the  groyne.  For  the  first  non-tidal  tests,  one 
downdrift  and  twelve  updrift  profile  lines  were  included  in  the  survey 
loops.   The  furthest  updrift  line  was  32.4  m  from  the  groyne.   For  all 
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tests,  the  updrift  profiles  were  uniformly  spaced  1.08  m  apart  within 
5.4  m  of  the  groyne.   Profile  spacing  increased  gradually  to  8  m  far 
from  the  groyne. 

7.4.2  Tests  with  Tidal  Fluctuation 

Beach  profiles  measured  updrift  and  adjacent  to  the  groyne  during 
the  pre-,  intermediate,  and  post-impoundment  surveys  for  the  tidal  test 
are  illustrated  in  Figure  7-14a.  The  groyne  profile  and  region  of  wave 
breaking  during  the  tidal  test  are  also  shown.  Beach  profiles  measured 
downdrift  and  adjacent  to  the  groyne  are  illustrated  in  Figure  7-14b. 
The  local  downdrift  recession  demonstrated  by  the  profile  changes  is  a 
fair,  but  not  reliable,  indication  of  the  updrift  profile  changes. 

Data  analysis  methodology.  Profile  changes  derived  from  the  survey 
data  for  each  impoundment  interval,  along  with  the  time-history  of  the 
tidal  water  level  fluctuation  for  each  interval,  were  used  to  construct 
the  total  transport  function  across  each  profile  using  both  the  "simple" 
and  smoothed  (over-constrained)  least-squares  matrix  tidal  deconvolution 
techniques.  These  functions  were  then  linearly  interpolated  to  form  the 
total  transport  function  for  a  series  of  depth  contours  along  the 
beach.  Estimates  of  the  cross-shore  component  of  the  transport  function 
were  identified  and  subtracted  for  each  contour  through  inspection  of 
the  far-updrift  transport  function  and/or  through  consideration  of  the 
cumulative  transport  function  along  each  contour  (see  Section  7.2.3). 
The  result  was  integrated  from  the  barrier  to  the  updrift  extent  of  the 
impoundment  fillet  in  order  to  form  estimates  of  the  local  longshore 
transport  rate  (per  unit  depth)  for  each  contour  for  both  the  "simple" 
and   least-squares   matrix   tidal   deconvolution   techniques.   As  usual, 
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Figure  7-14:  Beach  profiles  measured  immediately  (a)  updrift,  and  (b) 
downdrift  of  the  groyne  during  the  pre-,  intermediate,  and 
post-impoundment  surveys  for  the  laboratory  test  involving 
simulated  tidal  fluctuations  (prototype  scale). 


error  bars  presented  in  the  longshore  transport  estimates  represent 
uncertainties  in  the  cross-shore  contribution  and/or  the  updrift  extent 
of  impoundment  for  each  contour. 

Before  the  tidal  deconvolution  step  was  executed,  a  sensitivity 
test  was  undertaken  to  explore  the  appropriate  degree  of  over-constraint 
for  the  least-squares  matrix  tidal  deconvolution  technique.   The  profile 
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change  data,  Az/At,  was  evaluated  along  25  depth  contours  vertically 
spaced  9  cm  apart  (1  cm  apart,  model  scale).  Therefore,  for  each  tidal 
impoundment  interval,  the  45  cm  tidal  variation  (5  cm,  model  scale), 
encompassed  five  depth  contours.  Using  the  notation  of  Chapter  4,  this 
corresponds  to  N=25,  Kfe=5  and  Azq=0.009  m.  A  relatively  small  degree  of 
over-constraint,  M>23,  yielded  unreasonable  and  erratic  estimates  of  the 
transport  function — even  after  smoothing.  The  over-constraint  described 
by  Eq.  (4.17),  M=N-(Kb~l),  suggests  using  M=22.  This  value  (and  to  a 
lesser  degree,  M=23)  yielded  fairly  reasonable  estimates  of  the 
transport  function  after  smoothing.  Greater  constraint,  18<M<21,  did 
not  significantly  improve  the  stability  of  the  transport  function 
solution.  Extreme  constraint,  M<18,  resulted  in  coarse  estimates  of  the 
transport  function  which  poorly  reproduced  the  measured  profile  changes 
when  coupled  with  the  tidal  fluctuations.  Accordingly,  the  constraint 
recommended  by  Eq.  (4.17),  M=22,  was  used  in  the  data  analysis. 

Rising  tide  interval.  The  updrift  profile  changes  measured  between 
survey  loops  "T-A"  and  "T-B",  which  correspond  to  the  rising  tide 
impoundment  interval,  were  analyzed  as  described  above.  The  local 
longshore  transport  rate  per  unit  depth,  as  determined  by  the  "simple" 
and  the  smoothed  least-squares  matrix  tidal  deconvolution  techniques, 
are  shown  in  Figure  7-1 5a.  The  results  of  the  two  techniques  are 
somewhat  similar  in  trend  although  the  least-squares  matrix  result 
exhibits  more  exagerated  variation.  This  is  not  unexpected  since  the 
"simple"  technique  is  an  averaging  algorithm  and  inherently  smooths 
across  depth  contours,  whereas  the  matrix  technique  is  more  prone  to 
oscillatory  instability.  Transport  estimates  for  the  upper  swash,  as 
developed  by  the  simple  technique,   are  exceptionally  large  because  they 
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Figure  7-15:  Distribution  of  longshore  transport  rate  for  still  water 
depth  contours  derived  from  the  (a)  rising  tide,  (b) 
falling  tide,  and  (c)  entire  tide  impoundment  intervals. 
Results  of  both  simple  (dashed  line)  and  least-squares 
matrix  (bold  line)  tidal  deconvolution  techniques  are 
shown.   (Prototype  scale). 
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were  developed  from  profile  change  data  at  beach  elevations  which  were 
wetted  for  only  short  periods  of  time.   The  total  longshore  transport 

estimates  for  this  interval  agree  fairly  well  between  techniques:   20.9 

3  i 

to  26.9  m  /hr  for  the  "simple"  technique,  and  22.9  to  32.4  m  /hr  for  the 

least-squares  matrix  technique.  The  estimates  differ  by  about  15%. 
This  is  attributable  to  differences  in  the  interpretation  of  the  total 
transport  function  generated  by  each  of  the  two  techniques. 

Falling  tide  interval.  The  updrift  profile  changes  measured 
between  survey  loops  "T-B"  and  "T-C,"  which  correspond  to  the  falling 
tide  impoundment  interval,  were  analyzed  in  the  same  manner  as  above  for 
each  of  the  two  tidal  deconvolution  techniques.  The  estimates  of  the 
local  longshore  transport  rate  per  unit  depth  for  both  the  "simple"  and 
least-squares  matrix  techniques  are  shown  in  Figure  7-15b.  The  results 
of  each  technique  are  similar.  This  is  not  surprising  since  the  water 
level  fluctuation  for  this  interval  was  fairly  linear  over  time.  The 
short  time  for  which  the  upper-most  beach  elevations  were  wetted  is 
responsible  for  the  large-valued  transport  estimates  for  the  upper  swash 
zone  contours.  Both  techniques  exhibit  negative  values  across  the  outer 
surf  zone.  (It  is  recalled  that  the  transport  function  analysis  method- 
ology does  not  constrain  the  longshore  transport  estimates  to  be 
positive-valued.)  The  negative-valued  estimates  are  due  to  local  reces- 
sion of  the  impoundment  fillet.  The  total  longshore  transport  estimated 
by  the  "simple"  and  least-squares  matrix  techniques,  4.0  to  10.5  m3/hr 
and  4.9  to  9.4  m  /hr,  respectively,  are  in  good  agreement  but  are  about 
30%  to  40%  smaller  than  the  total  transport  estimates  for  the  rising- 
tide  impoundment  interval.  This  is  probably  attributable  to  decreased 
longshore  transport  associated  with  a  decrease  in  an^le  between  the 
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incident  waves  and  the  rotating  beach  contours,  where  the  latter  is 
associated  with  increasing  impoundment  of  sand  against  the  barrier  as 
the  test  progressed.  Specifically,  the  mean  shoreline  contour  had 
rotated  3°  towards  the  incident  wave  field  after  the  rising  tide 
interval,  and  rotated  another  3.3°  after  the  falling  tide  interval.  For 
the  original  breaking  wave  angle  of  14.5°,  this  potentially  represents  a 
19.4%  decrease  in  longshore  transport  by  the  end  of  the  rising  tide 
interval,  and  another  27.6%  decrease  in  transport  by  the  end  of  the 
falling  tide  interval  (assuming  that  the  total  longshore  transport  is 
proportional  to  the  sine  of  twice  the  incident  breaking  wave  angle). 

Considerable  dissimilarity  of  the  transport  distributions  found  for 
the  rising  and  falling  tide  intervals  is  immediately  apparent  from 
Figure  7-15.  Specifically,  contours  characterized  by  significant  local 
longshore  transport  for  the  first  portion  of  the  tidal  test  (rising 
tide)  are  characterized  by  low-  or  negative-valued  transport  for  the 
second  portion  of  the  test  (falling  tide).  Conversely,  contours  of 
local  low-valued  longshore  transport  for  the  first  portion  of  the  test 
are  associated  with  higher-valued  estimates  of  transport  for  the  second 
portion.  Since  the  overall  longshore  transport  capacity  was  diminished 
during  the  second  portion  of  the  test,  it  appears  that  the  impoundment 
(survey)  data  for  the  second  portion  was  dominated  by  local  near-groyne 
cross-shore  transport  signals.  That  is,  the  large  local  "surplus" 
volumes  of  sand,  centered  near  the  groyne  about  those  contours  asso- 
ciated with  strong  longshore  transport,  were  modified  towards  equili- 
bration and/or  profile  smoothing  by  local  cross-shore  processes.  In  the 
near-groyne  survey  data,  these  processes  appear  as  local  recession  and 
accretion  at  contours  initially  associated  with  significant  and  low 
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valued  impoundment  signals,  respectively.  Seaward  groyne  by-passing  and 
berm  accretion  (due  to  the  local  excess  of  sand  across  the  profile 
immediately  updrift  of  the  groyne)  are  also  expected;  though  only  the 
latter  is  apparent  in  the  data.  Such  local  near-groyne  cross-shore 
processes  are  difficult  to  address  in  the  data  analysis  since  the 
removal  of  cross-shore  signals  from  the  data,  as  described  in  this 
paper,  typically  relies  upon  the  assumption  that  cross-shore  transport 
is  uniform  along  the  beach  at  any  given  depth  contour.  Accordingly,  it 
is  thought  that  the  impoundment  data  of  the  falling  tide  portion  of  the 
tidal  test  reflects  considerable  smoothing  which  can  not  be  easily 
removed. 

Entire  tide  interval.  The  updrift  profile  changes  from  survey 
loops  "T-A"  and  "T-C,"  which  include  the  entire  tidal  cycle,  were 
analyzed  as  described  above  to  yield  the  local  longshore  transport  rate 
per  unit  depth  for  both  the  "simple"  and  least-squares  matrix  tidal 
deconvolution  techniques  (Fig.  7-15c).  The  longshore  transport 
distribution  and  the  total  transport  agree  with  the  combined  time- 
weighted  results  derived  from  the  separate  analyses  of  the  rising  and 
falling  tide  data  sets  within  about  20%  rms  error  and  10%  error, 
respectively.  This  indicates  that  the  data  analysis  and  interpretation 
was  fairly  consistent  between  data  sets. 

7.4.3   Non-Tidal  Tests 


No-groyne  "control"  interval.  Profile  changes  measured  over  the 
no-groyne  "control"  interval  of  the  first  non-tidal  test  (survey  loops 
"NT-A"  to  "NT-B")  were  used  to  indicate  the  degree  to  which  the  beach 
was  equilibrated  with  the  wave  conditions  before  the  first  non-tidal 
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impoundment  interval  began.  These  profile  changes  were  also  used  as  one 
estimate  of  the  cross-shore  transport  which  would  be  removed  from  the 
survey  data  of  the  impoundment  intervals.  As  seen  from  Figure  7-16a, 
only  small  and  localized  net  beach  profile  changes  occurred  during  the 
no-groyne  "control"  interval.  This  indicated  that  the  beach  was  fairly 
well  equilibrated  with  the  wave  conditions  before  the  impoundment  test 
was  begun  and  that  cross-shore  transport  "noise"  in  the  impoundment 
survey  data  should  be  relatively  small.  The  beach  profiles  shown  in 
Figure  7-16a  were  measured  0.5  m  updrift  of  the  intended  site  of  the 
groyne  and  were  typical  of  the  entire  model  beach  survey  area  for  this 
interval. 

Impoundment  interval — first  test.  The  updrift  beach  profile 
changes  measured  over  the  (short-term)  first  non-tidal  test  impoundment 
interval  (survey  loops  "NT-B"  to  "NT-C")  were  analyzed  along  depth 
contours.  Estimates  of  the  local  longshore  transport  rate  per  unit 
depth  were  made  after  removal  of  cross-shore  signals  in  a  similar  manner 
as  described  for  the  plunging  wave  test  series.  The  estimates  of  the 
local  longshore  transport  rates  per  unit  depth,  q«(z),  were  then 
transformed  to  estimates  per  unit  offshore  width,  qp(x).  Beach  profile 
changes  over  the  impoundment  interval  (0.5  m  updrift  of  the  groyne)  are 
illustrated  in  Figure  7-1 6b.  The  groyne  profile  is  also  shown.  Like 
the  tidal  tests,  local  downdrift  profile  changes  (not  shown)  were  only 
fair  indicators  of  local  updrift  profile  changes.  The  longshore  trans- 
port distribution  across  the  surf  zone  is  illustrated  in  Figure  7-17, 
along  with  the  average  beach  profile  and  the  measured  wave  height  and 
longshore  current  distributions. 
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Figure  7-16:  Beach  profiles  measured  immediately  updrift  of  the  groyne 
site  for  the  non-tidal  plunging/collapsing  test  series: 
(a)  prior  to  groyne  deployment,  (b)  before  and  after  the 
short-term,  first  impoundment  interval,  and  (c)  before  and 
after  the  longer-term,  second  impoundment  interval. 
(Prototype  scale). 
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Figure  7-17:  The  longshore  transport  distribution,  longshore  current, 
wave  height,  and  average  beach  profile  across  the  surf  zone 
for  the  short-terra,  first  impoundment  interval  of  the 
plunging/collapsing  (non-tidal)  test  series.  (Prototype 
scale). 


Impoundment  interval — second  test.  Figure  7-16c  illustrates  the 
beach  profile  changes  measured  0.5  m  updrift  of  the  groyne  over  the 
impoundment  interval  of  the  (longer-term)  second  non-tidal  test.  The 
groyne  profile  for  this  test  is  also  shown.  Updrift  profile  changes 
were  analyzed  as  described  above  to  yield  estimates  of  the  local  long- 
shore transport  rate  per  unit  depth  for  this  interval.  These  estimates 
were  subsequently  transformed  to  estimates  per  unit  offshore  width  in 
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order  to  develop  the  longshore  transport  distribution  across  the  surf 
zone,  as  shown  in  Figure  7-18a.   The  longshore  transport  distribution 
determined  from  the  first  non-tidal  test  is  also  shown  in  the  figure  for 
comparison. 

The  results  of  the  (short-term)  first  impoundment  test  suggest  a 
strong  transport  maxima  at  the  shoreline  and  sharply  decreasing 
transport  toward  the  breakpoint.  The  longshore  transport  distribution 
found  for  the  (longer-term)  second  impoundment  test  is  generally  similar 
to  that  of  the  (short-term)  first  test  but  is  somewhat  subdued  about  the 
shoreline  and  smeared  offshore.  The  total  longshore  transport  estimated 
for  the  first  test,  24.5  to  32.0  m3/hr,  is  approximately  equal  to  or 
slightly  higher  than  that  for  the  second  test,  25.0  to  27.4  m3/hr.  Two 
adverse  effects  of  longer-term  impoundment  intervals  were  evident  from 
the  non-tidal  tests.  For  the  second,  longer-terra,  test,  the  angle 
between  the  incident  waves  and  the  beach  contours  decreased  with  time  as 
the  contours  rotated  with  the  impoundment  fillet  in  response  to  the 
oblique  wave  attack — thereby  decreasing  the  longshore  transport  with 
time,  as  described  previously  for  the  falling  tide  test.  Also, 
increasing  impoundment  with  time  created  a  large  mound  of  sand  against 
the  groyne  and  about  the  foreshore  and  shoreline  area  which  led  to  a 
"downhill"  bed  slope  along  the  beach  directed  away  from  the  groyne. 
Wave  runup  was  increased  over  this  steep  mound  and  the  subsequent 
backwash  flowed  downs  lope  along  the  beach — forming  a  run-out  at  the 
shoreline  amidst  the  impoundment  fillet.  This  runout  carried 
impoundment  material  offshore  and  deposited  it  in  the  mid-surf  zone 
thereby  smearing  the  impoundment  distribution  profile  ever  further. 
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Figure  7-18:  (a)  Comparison  of  the  longshore  transport  distribution 
across  the  surf  zone  for  the  short-terra,  first  impoundment 
interval  and  the  longer-terra,  second  inpoundment  interval; 
(b)  fluorescent  tracer  field  after  18  minutes  of  wave 
action  during  the  second  impoundment  interval.  Plunging/ 
collapsing  (non-tidal)  test  series.   (Prototype  scale). 
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The  smearing  of  the  second  test's  longer-term  impoundment  is  con- 
sistent with  that  observed  for  the  previously  described  test  series. 
Fluorescent  tracer,  injected  as  a  uniform  cross-shore  strip  60  m  updrift 
from  the  groyne  during  the  second  test,  demonstrated  the  offshore- 
directed  shift  of  the  longshore  sediment  transport  in  the  vicinity  of 
the  groyne.  Figure  7-18b  illustrates  the  major  field  of  tracer  visually 
discerned  under  black  flood  lights  after  18  minutes  of  wave  action.  The 
tracer  injection  was  made  18  minutes  prior  to  the  end  of  the  second  non- 
tidal  impoundment  test.  The  distribution  of  longshore  transport  across 
shore  (estimated  from  the  impoundment  data  of  the  non-tidal  tests  and 
transformed  from  q^(z)  to  q^(x))  are  shown  in  Figure  7-20a  for 
comparison.  Far  updrift  of  the  groyne  (near  the  injection),  the 
offshore  limit  of  longshore  transport  is  readily  seen.  Closer  to  the 
groyne,  an  offshore  movement  of  the  tracer  is  noted.  Photographs  of  dye 
movements  over  the  same  area  occupied  by  the  tracer  field  indicated  that 
a  rip  current  was  concentrated  within  9  m  updrift  of  the  groyne.  The 
maximum  estimated  current  was  0.16  m/s  (5.2  cm/s,  model  scale).  The 
approximate  scalar  velocity  distribution  of  the  rip,  as  determined  by 
the  photographs  of  the  dye  movement,  is  shown  in  Figure  7-18b.  Adjacent 
to  the  groyne,  the  magnitude  of  the  rip  current  decreases  seaward  as  the 
water  depth  increases  and  the  relief  of  the  groyne  decreases  (because 
for  groyne  elevations  well  below  the  still  water  level,  the  rip  is  no 
longer  constrained  to  flow  along  the  groyne  nor  are  the  surface 
longshore  currents  impeded  by  the  barrier).  From  inspection  of  the  rip 
and  tracer  fields,  it  appears  that  the  rip  greatly  enhances  the  near- 
groyne  seaward  transport  of  the  impounded  sediment. 
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The  longshore  transport  distribution  determined  from  the  second 
non-tidal  impoundment  test  reflects  offshore  smearing  (as  observed 
through  tracer  visualization)  more  than  the  distribution  determined  from 
the  first,  short-term,  test.  Accordingly,  the  results  of  the  first  test 
are  considered  most  representative  of  the  actual  longshore  sediment 
transport  distribution  for  the  non-tidal  plunging/collapsing  case 
investigated  here. 

As  indicated  in  Figure  7-18b,  the  nearshore  tracer  was  buried  under 
a  thin  lamina  of  non-fluorescent  sand  updrift  to  a  distance  of  about 
30  m  from  the  groyne.  The  updrift  extent  of  the  impoundment  fillet  was 
about  18  to  25  m  updrift  of  the  groyne  (i.e.,  about  1.5  to  2  surf  zone 
widths).  For  the  first,  short-term,  non-tidal  impoundment  test,  the 
updrift  extent  of  the  fillet  was  about  14  m  (i.e.,  roughly  equal  to  the 
surf  zone  width). 

7.4.4  Effectiveness  of  the  Tidal  Deconvolution 

In  Figure  7-19,  the  longshore  transport  distributions  developed 
from  the  tidally-deconvolved  data  of  the  rising  tide  impoundment 
intervals  are  compared  to  the  distributions  developed  from  the  data  of 
the  first  and/or  second  non-tidal  impoundment  intervals.  For  clarity, 
the  average-values  of  the  local  transport  are  shown  for  each  distribu- 
tion (i.e.,  the  error  bars  have  been  omitted). 

Since  the  rising-tide  interval  of  the  tidal  test  was  longer  in 
duration  than  the  second  non-tidal  test  (which  exhibited  impoundment 
smearing),  it  may  be  expected  that  the  rising-tide  test  should  also 
exhibit  considerable  smearing.  However,  as  seen  in  Figure  7-19,  the 
longshore  transport  distributions  determined   for   the   rising-tide  test 
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Figure  7-19:  Comparison  of  the  longshore  transport  distributions  across 
shore  developed  using  tidal  deconvolution  for  (a)  rising 
tide  and  longer-term,  second  non-tidal  impoundment  inter- 
vals, and  (b)  rising  tide  and  short-term,  first  non-tidal 
impoundment  intervals.  Plunging/collapsing  test  series. 
(Prototype  scale). 


match  the  first  non-tidal  test  (which  was  short-term  and  presumably  not 
badly  smeared)  more  closely  than  they  match  the  second  non-tidal  test. 
This  suggests  the  possibility  that  impoundment  tests  with  tidal 
fluctuations  are  somewhat  more  resistant  to  impoundment  smearing  than 
non-tidal  tests  (at  least  to  a  point,  viz.,  the  smearing  observed  over 
the  later  falling-tide  interval).   Physically,  this  may  be  because  the 
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impoundment  is  distributed  more  evenly  across  the  beach  profile  as  the 
fluctuating  tide  moves  the  longshore  transport  distribution  across  the 
beach  (assuming  that  the  transport  distribution  is  depth  dependent).  An 
additional  factor,  for  the  case  of  rising  tide,  is  that  the  active 
transport  shifts  to  previously  unaffected  contours  and  materials.  In 
the  simplest  sense,  impoundment  is  smeared  by  water  level  fluctuations 
for  tidal  cases  and  smeared  by  near-groyne  cross-shore  wave  and  current 
processes  for  non-tidal  cases.  Theoretically,  the  smearing  due  to  tidal 
fluctuations  may  be  removed  through  tidal  deconvolution,  while  smearing 
by  localized  wave  and  current  processes  is  much  more  difficult  to 
remove.  For  longer-term  tidal  impoundment  tests,  both  types  of  smearing 
are  likely  and  so  the  effects  of  smearing  are  difficult  to  address. 

Both  tidal  deconvolution  techniques  discussed  herein  develop 
longshore  transport  distribution  profiles  which  are  fairly  similar  to 
that  developed  for  the  non-tidal  tests.  For  the  relatively  simple  tidal 
fluctuation  tested  and  the  abundant  profile  data  available  in  the 
laboratory,  the  "simple"  technique  yielded  results  which  are  at  least  as 
good  as  the  least-squares  matrix  technique.  However,  it  is  recalled 
that  for  the  depth-limited  profile  data  of  the  field  studies,  the 
"simple"  technique  developed  transport  values  over  shallower  depth 
contours  than  the  matrix  technique  and  therefore  represented  a  less 
"powerful"  deconvolution  technique. 

The  matrix  tidal  deconvolution  techniques  were  developed  on  the 
assumption  that  the  total  transport  function  (i.e.,  the  local  rate  of 
profile  change)  is  strictly  depth  dependent  for  a  given  surf  condi- 
tion. If  the  transport  is  also  dependent  upon  the  local  bed  slope,  then 
application  of  the  matrix  techniques  is  valid  for  planar  beaches  but  not 
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for  non-planar  beaches.  The  impoundment  survey  data  tidally-deconvolved 
for  the  field  experiments  were  collected  over  a  portion  of  the  prototype 
beach  which  was  relatively  planar  compared  to  that  portion  of  the  model 
beach  over  which  the  laboratory  survey  data  were  collected  (see  Figure 
7-20).  Consideration  of  all  the  laboratory  test  results  (discussed 
later)  suggests  that  the  longshore  transport  distribution  is  dependent 
upon  both  local  water  depth  and  bed  slope.  Accordingly,  the  results  of 
the  matrix  tidal  deconvolution  are  probably  more  valid  for  the  field 
data  sets  than  for  the  laboratory  (tidal)  data  sets. 
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Figure  7-20:  Comparison  of  typical  beach  profiles  updrift  of  the  groyne 
for  the  field  studies  (9  m  updrift  of  Groyne  #4,  survey 
loop  4)  and  the  laboratory  studies  (10.S  m  updrift  of  the 
groyne,  prototype  scale,  pre-impoundment,  plunging/collaps- 
ing test  series  with  tide). 


7. 5   Collapsing  Series 
7.5.1   Description  of  Experiment 

A  collapsing  wave  condition  was  established  in  the  basin  with  a 
breaking  wave  height  of  0.53  m,  10.8  seconds  period,  and  14.2°  angle  to 
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the  shoreline.  The  complete  test  conditions  are  listed  in  Table  7-1. 
The  model  beach  was  screeded  and  equilibrated  to  the  series'  wave  condi- 
tions for  two  hours  in  the  absence  of  the  groyne.  A  pre-impoundment 
survey  loop  was  taken,  a  low-profile  groyne  was  installed  across  the 
beach,  waves  were  run  for  90  minutes,  and  the  post-impoundment  survey 
loop  was  taken.  The  survey  loops  included  3  profile  lines  downdrift  of 
the  groyne,  and  11  lines  updrift  of  the  groyne.  Spacing  between  the 
updrift  lines  increased  from  1.08  m  near  the  groyne  to  about  10  m  far 
updrift  (45  m  total). 

7.5.2   Impoundment  Results 

The  beach  profiles  at  the  groyne  site  before  impoundment,  and  0.5  m 
up-  and  downdrift  of  the  groyne  before  and  after  the  impoundment  inter- 
val are  illustrated  in  Figure  7-21.   The  profile  of  the  groyne  is  also 


2 

O 


< 
> 

UJ 

_l 
LU 


wave  crest 
envelope 


pre-impoundment 

updrift 

downdrift 


0         20         40        60 
HORIZONTAL  DISTANCE,  x  (m) 


Figure  7-21:  Beach  profiles  at  the  groyne  deployment  site  before  im- 
poundment, and  immediately  updrift  and  downdrift  of  the 
groyne  after  the  impoundment  interval  for  the  collapsing 
test  series.   (Prototype  scale.) 
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shown.  Updrift  beach  profile  changes  were  utilized  to  develop  the  total 
transport  function  along  a  series  of  depth  contours,  from  which  were 
removed  possible  cross-shore  transport  contributions  as  determined  from 
profile  changes  far  updrift  of  the  groyne.  (As  was  usual  for  the 
laboratory  results,  these  contributions  typically  represented  less  than 
10%  of  the  total  transport  function  values  in  the  impoundment  area.) 
The  longshore  transport  rate  for  each  depth  contour  was  then  determined 
as  usual  by  integrating  the  longshore  component  of  the  total  transport 
function  along  each  depth  contour  up  to  the  apparent  limit  of  the 
impoundment  fillet.  Beach  profile  changes  in  the  vicinity  of  a 
localized  runout,  8.1  m  updrift  of  the  groyne,  were  excluded  from  the 
data  analysis.  This  runout  was  caused  by  the  swash  backrush  over  a 
large,  steep  impoundment  feature  which  formed  immediately  updrift  of  the 
groyne  (similar  to  that  described  for  the  second  non-tidal  impoundment 
interval  in  the  plunging/collapsing  series).  This  steep  impoundment 
feature,  or  mound,  increased  wave  runup  immediately  updrift  of  the 
groyne  and  led  to  the  formation  of  a  significant  localized  berra-like 
feature  (see  Figure  7-21).  Impoundment  material  was  progressively 
deposited  on  the  landward  side  of  this  "berm"  in  a  narrow  ponding  area. 
Accretion  in  this  area  cannot  be  considered  as  a  local  longshore  trans- 
port because  this  area  was  landward  of  or  higher  than  the  maximum  runup 
for  the  undistributed  portion  of  the  beach.  Instead,  this  accretion 
must  be  viewed  as  an  onshore  smearing  of  longshore-impounded  sediment 
caused  by  enhanced  wave  runup  near  the  groyne. 

The  estimate  of  the  distributed  longshore  sediment  transport  across 
the  surf  zone  for  this  test  series  is  illustrated  in  Figure  7-22.  The 
beach  profile,  wave  heights,   and  longshore  current  across  the  surf  zone 
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Figure  7-22:  The  longshore  transport  distribution,  longshore  current, 
wave  height,  and  average  beach  profile  across  the  surf  zone 
for  the  collapsing  test  series.   (Prototype  scale). 


are  also  shown.  The  total  longshore  transport  was  between  8.1  and  11.3 
m  /hr.  The  impoundment  fillet  extended  between  about  14  and  25  n 
updrift  of  the  groyne  for  the  mid-foreshore  and  breaking  contours,  and 
the  shoreline  and  inner  surf  zone  contours,  respectively.  These  lengths 
approximately  represent  one  to  two  surf  zone  widths.  The  width  of  the 
surf  zone  plus  the  swash  zone  was  about  18  m. 
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As  expected  for  a  collapsing  wave  case,  practically  all  of  the 
transport  is  observed  near  the  shoreline.  Almost  65%  of  the  total 
transport  is  observed  above  the  still  water  shoreline.  The  small  peak 
well  seaward  of  the  break  point  is  likely  associated  with  smearing  where 
sediment  from  the  impoundment  area  was  carried  offshore  and  deposited  at 
an  antinode  of  a  long  wave  in  the  basin.  The  presence  of  an  antinode  at 
this  point  was  substantiated  by  a  local  apparent  node  of  the  measured 
wave  height  envelope  (not  shown).  Of  course,  it  is  also  possible  that 
the  velocity  and/or  pressure  field  associated  with  a  long  wave  antinode 
mobilizes  sediment  for  downdrift  advection  by  small  longshore  currents, 
or  possibly  transports  sediment  downdrift  by  the  longshore  component  of 
the  long  wave  velocity  field.  However,  the  effect  of  long  waves  on  the 
longshore  sediment  transport  was  not  specifically  investigated  in  this 
study. 

7.6   Spilling  Series 
7.6.1  Description  of  Experiment 

Considerable  difficulty  was  encountered  in  creating  a  spilling  surf 
zone  in  the  basin  which  was  suitable  for  impoundment  studies.  Severe 
rips  were  usually  observed  as  soon  as  the  breaking  waves  were  changed 
from  spilling/plunging  to  pure  spilling  conditions  (by  re-configuration 
of  the  wavemaker).  Visual  observation  suggested  that  the  rips  were 
caused  by  the  high  phase  difference  of  the  swash;  that  is,  the  uprush 
time  was  greater  than  about  0.7  of  the  wave  period  and  so  the  swash  was 
not  completed  before  the  next  shore  break  occurred.  This  rapidly  led  to 
over-saturation  of  the  foreshore.  The  excess  volume  of  water  from  the 
uprush  flowed  along  the  beach  (and  eventually  back  into  the  surf  zone) 
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via  any  available  alongshore  gradient.  This  created  fairly  stable 
runouts,  and  eventually  rips,  irregularly  spaced  along  the  shoreline. 
Runouts  and  rips  interrupt  the  longshore  transport  and/or  smear  the 
impoundment  fillet  offshore  if  they  are  located  updrift  of  a  groyne.  It 
was  sometimes  possible  to  create  a  spilling  wave  condition  in  the  basin 
which  was  less  prone  to  form  rips;  however,  the  introduction  of  a  groyne 
usually  perturbed  the  surf  zone  sufficiently  such  that  an  irregularly 
spaced  rip  field  eventually  appeared. 

After  several  trials,  a  spilling  wave  condition  was  established 
which  did  not  exhibit  visually  discernable  runouts  or  rips  within  about 
one  and  a  half  surf  zone  widths  along  the  beach.  Breaking  wave  height 
was  just  under  1  m  with  a  period  of  5.1  seconds  and  shoreline  angle  of 
10.8°.  The  complete  surf  conditions  are  listed  in  Table  7-1.  The  beach 
was  screeded  and  equilibrated  with  three  hours  of  the  above-described 
wave  conditions,  the  pre-impoundment  survey  loop  was  executed,  a  low- 
profile  groyne  was  installed  near  the  downdrift  end  of  the  rip-free 
section  of  beach,  186  minutes  of  waves  were  run,  and  the  post-impound- 
ment survey  loop  was  taken.  A  cross-shore  strip  of  fluorescent  tracer 
sand  was  injected  about  40  m  updrift  of  the  groyne  36  minutes  before  the 
end  of  the  test.  A  small  rip  intermittently  appeared  18  m  updrift  of 
the  groyne  throughout  the  test.  The  survey  loops  included  one  profile 
line  immediately  downdrift  of  the  groyne,  and  nine  lines  extending  up  to 
52.2  m  updrift  of  the  groyne.  Profile  spacing  was  2.7  m  near  the  groyne 
increasing  to  10.8  m  far  updrift. 
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7.6.2  Impoundment  Results 

Profile  changes  0.9  m,  3.6  m,  and  7.2  m  updrift  of  the  groyne  over 
the  impoundment  interval  are  illustrated  in  Figure  7-23.  A.  pronounced 
bar  was  formed  near  the  groyne  presumably  from  local  impoundment  of 
longshore  transport  as  well  as  from  erosion  of  the  toe  of  the  terrace. 
This  terrace  erosion  was  observed  only  within  about  4  m  of  the  groyne, 
(elsewhere  the  terrace  accreted)  and  is  attributed  to  (i)  offshore 
transport  caused  by  the  near-groyne  rip  and  related  wave  steepening,  and 
(ii)  wave  breaking  over  the  emergent  bar.  It  is  not  clear  whether  the 
accretion  seaward  of  the  bar,  observed  only  along  the  profiles  closest 
to  the  groyne,  is  due  primarily  to  local  longshore  transport  impoundment 
or  to  offshore  smearing.  The  bar  was  also  observed  downdrift  of  the 
groyne  site  before  the  groyne  was  installed.  Its  pronounced  appearance 
was  somewhat  unexpected  for  the  spilling  wave  conditions  established  in 
the  basin  and  suggested  that  the  bar  was  enhanced  or  "fed"  by  rip 
currents  along  the  beach. 

The  updrift  profile  changes  were  analyzed  along  fixed  locations 
offshore  because  of  the  presence  of  the  bar.  Cross-shore  contributions 
along  each  location  were  estimated  and  removed  as  described  for  the 
plunging  series  (except  that  estimates  from  a  no-groyne  "control" 
interval  were  not  available).  The  longshore  transport  was  estimated  as 
usual  by  the  alongshore  integration  of  the  longshore  component  of  the 
total  transport  function.  The  resulting  estimate  of  the  longshore 
transport  distribution  across  the  surf  zone  is  illustrated  in  Figure 
7-24,  along  with  the  average  beach  profile  and  the  wave  height  and 
longshore  current  distributions. 
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Figure  7-23:  Beach  profiles  measured  before  and  after  impoundment  for 
the  spilling  wave  test  series:  (a)  0.9  m,  (b)  3.6  m,  and 
(c)  7.2  m  updrift  of  the  groyne  (prototype  scale). 
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Figure  7-24:  The  longshore  transport  distribution,  longshore  current, 
wave  height,  and  average  beach  profile  across  the  surf  zone 
for  the  spilling  test  series.   (Prototype  scale). 


The  estimated  distribution  indicates  that  virtually  all  of  the 
longshore  transport  occurred  between  half-way  and  three-quarters  of  the 
way  across  the  surf  zone.  However,  it  is  thought  that  the  distribution 
as  derived  from  the  impoundment  data  is  biased  seaward.  Specifically, 
it  is  likely  that  intermittent  and/or  visually  indiscernable  rips 
carried  sediment  offshore  that  was  being  transported  along  the  beach 
face.  These  rips  then  deposited  the  sediment  in  the  mid-surf  zone. 
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However,  visual  observation  indicated  that  alongshore  swash  transport 
did  not  appear  nearly  as  large  as  for  the  previous  reported  tests,  so 
that  the  possible  underestimate  of  the  near-shoreline  longshore 
transport  (and  associated  overestimate  of  the  mid-surf  transport)  is 
probably  not  extreme.  Additionally  based  upon  observation,  the 
relatively  "chaotic"  appearance  of  the  swash  suggested  that  high  phase 
difference  swash  (such  as  for  this  test  series)  may  not  be  sufficiently 
longshore-uniform  or  sufficiently  organized  to  promote  significant 
longshore  transport  across  the  foreshore. 

The  distribution  of  fluorescent  tracer  observed  after  36  minutes  of 
wave  action  is  illustrated  in  Figure  7-25b.  Regions  of  relatively  high 
and  low  concentrations  of  tracer  are  outlined  in  the  figure  as  visually 
determined  from  long-exposure  photographs  of  the  beach  under  black  flood 
lights.  Some  by-passing  of  material  over  the  crest  of  the  groyne  is 
evident  from  the  figure.  This  was  fairly  unique  to  the  spilling  test 
series.  The  tracer  distribution  generally  agrees  with  the  longshore 
transport  distribution  determined  from  the  impoundment  data,  although 
considerable  tracer  is  observed  seaward  of  the  distribution  peak  found 
from  the  impoundment  data.  The  presence  of  tracer  far  offshore  may  be 
misleading  if  the  offshore  patch  of  tracer  was  predominately  finer- 
grained  fluorescent  material  transported  from  the  impoundment  area  and 
deposited  offshore — while  much  of  the  rest  of  the  tracer  was  buried 
amidst  the  peak  impoundment  area.  The  validity  of  this  possibility  was 
not  determined  because  the  small  median  grain  size  of  the  model  beach 
material  made  tracer  identification  and  burial  evaluation  (among  the 
mid-surf  zone  bed  forms)  difficult.  The  relatively  sharp  downdrift 
gradient  of  tracer  near  the  shoreline  and  the  apparent  absence  of  buried 
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tracer  on  the  foreshore  near  the  groyne  suggests  that  nearshore  tracer 
was  carried  seaward  at  a  point  midway  between  the  injection  and  the 
groyne — thus  reinforcing  the  notion  that  the  near-shoreline  longshore 
transport  was  underestimated  by  the  impoundment  data. 
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Figure  7-25:  (a)  Longshore  transport  distribution  developed  from  im- 
poundment data,  and  (b)  fluorescent  tracer  field  after  36 
minutes  of  wave  action  for  the  spilling  test  series. 
(Prototype  scale.) 
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The  total  transport  for  the  spilling  wave  test  series  experiment 
was  estimated  between  16.3  and  21.4  m  /hr.  The  updrift  extent  of  the 
impoundment  fillet  was  about  16  m  and  40  m  for  the  lesser  and  greater 
regions  of  impoundment,  respectively.  The  latter  value  is  roughly  equal 
to  one  surf  zone  width  for  this  test  series. 

7.7  Total  Transport 
The  experiments  executed  in  this  study  were  not  intended  as  a 
measure  of  the  total  longshore  sediment  transport.  However,  for 
completeness,  Table  7-2  lists  the  values  of  the  proportionality  constant 
K.  from  the  CERC  Formula  (which  relates  the  total  immersed  weight 
longshore  sediment  transport  rate  1^  and  the  so-called  longshore 
component  of  wave  energy  flux  at  breaking  P^,  as  in  Eq.  (5.1)).  The 
volumetric  rates  of  transport  Q*  determined  from  the  best  impoundment 
interval  of  each  test  series  were  converted  to  immersed  weight  transport 
rates  I«  for  sediment  density  p  =2.7  g/cm  and  porosity  a'=0.6.  A.  trend 
of  the  proportionality  constant  K  with  the  surf  similarity  parameter  £, 
is  weakly  indicated.  In  general,  the  values  of  the  proportionality 
constant  K  determined  from  the  laboratory  tests  (scaled  to  prototype) 
are  about  one-fourth  the  value  of  most  field  studies  and  about  one-half 
the  value  found  from  most  other  laboratory  studies  (CERC,  1984).  The 
comparatively  small  values  of  K  from  this  study  may  be  partly  due  to  the 
finite-length  of  the  model  beach,  that  is,  because  the  longshore  current 
and  sediment  supply  were  not  artificially  introduced  updrift  in  the 
basin. 
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Table  7-2:   Total  Longshore  Transport  Estimates 

from  the  Laboratory  Impoundment  Data  Sets 

(Prototype  Scale) 


Experiment 


r£b 
(N/s) 


(N/s) 


PL/SP 

1st  Imp 

977 

76.4-107.0 

0.08  - 

0.11 

0.30 

415* 

ii 

0.18*- 

0.26* 

ii 

2nd  Imp 

977 

129.8-158.4 

0.13  - 

0.16 

ii 

415* 

ii 

0.31*- 

0.38* 

ii 

PL 

1st  Imp. 

1280 

156.5-204.3 

0.12  - 

0.16 

0.37 

2nd  Imp . 

ii 

123.7-199.6 

0.10  - 

0.16 

ii 

PL/CLPS 

Rising  Tide 

~  410 

58.1-  90.0 

0.14  - 

0.22 

0.45 

Falling 

Tide 

~  350 

11.1-  29.2 

0.03  - 

0.08 

ii 

1st  non- 

tidal 

455 

68.1-  88.9 

0.15  - 

0.20 

n 

2nd  non- 

•tidal 

~  430 

69.5-  76.1 

0.16  - 

0.18 

ii 

CLPS 

180 

22.5-  31.4 

0.13  - 

0.17 

0.69 

SP 

703 

45.3-  59.5 

0.06  - 

0.09 

0.15 

*  Inner  wave  break 


7.8   Characteristic  Features  of  the 
Longshore  Transport  Distributions 

Figure  7-26  illustrates  the  normalized  longshore  transport  dist- 
ributions as  determined  from  the  best  impoundment  intervals  of  the  field 
studies  and  each  of  the  laboratory  test  series.  For  the  laboratory 
plunging/spilling  series,  the  offshore  coordinate  x,  was  normalized  by 
the  outer  location  of  the  observed  migratory  breakpoint.  Generalizing, 
the  results  shown  in  the  figure  suggest  that  the  longshore  tranport 
distribution   is   generally   bimodal   with  peaks  about  the  shoreline  and 
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Figure  7-26:  Normalized  longshore  transport  distribution  across  the  surf 
zone  developed  from  the  best  impoundment  data  sets  of  the 
laboratory  and  field  experiments  (continued  on  following 
page). 
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Figure  7-26:   Continued  from  previous  page. 
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about  three-quarters  of  the  distance  from  the  shoreline  to  the  break- 
point; however,  the  relative  significance  of  the  peaks  shifts  from  the 
near-breakpoint  peak  to  the  near-shoreline  peak  as  the  surf  zone  changes 
from  spilling  to  collapsing  wave  conditions.  In  the  collapsing  condi- 
tion limit,  the  near-breakpoint  peak  tends  towards  zero.  The  contribu- 
tion of  above-shoreline  longshore  transport  to  the  total  longshore 
transport  progressively  increases  from  less  than  5%  for  the  spilling 
condition  to  more  than  60%  for  the  collapsing  condition.  Longshore 
transport  seaward  of  the  breakpoint  increases  somewhat  as  the  wave 
conditions  vary  from  the  collapsing  to  spilling  condition,  but  generally 
represents  a  10%  to  20%  contribution  to  the  total  transport. 

In  Figures  5-17,  5-18,  7-6,  7-10,  7-15,  7-17,  and  7-24,  the  average 
beach  profiles  and  the  non-normalized  longshore  sediment  transport,  wave 
height,  and  longshore  current  distributions  across  shore  have  been 
illustrated  for  the  best  field  and  laboratory  impoundment  data  sets. 
Inspection  of  these  figures  suggests  nearshore  correlation  between  the 
local  longshore  transport  and  the  local  bed  slope,  longshore  current, 
and  inverse-depth.  In  particular,  for  the  laboratory  data,  the 
longshore  transport  increases  dramatically  over  the  steep  beachface 
slope  which  was  usually  clearly  defined  above  the  terrace. 


CHAPTER  8 

MODELING  THE  LONGSHORE 
SEDIMENT  TRANSPORT  DISTRIBUTION 


8.1  Introduction 
In  this  chapter,  several  distributed  longshore  sediment  transport 
models  previously  proposed  in  the  literature,  as  well  as  several  alter- 
nate models,  are  evaluated  with  the  wave,  current,  and  average  beach 
profile  data  measured  in  the  field  and  laboratory  and  are  compared  to 
the  longshore  sediment  transport  distributions  developed  from  the  field 
and  laboratory  impoundment  data.  Additionally,  the  significance  of  non- 
linearities  to  the  total  and  distributed  longshore  transport  is  briefly 
discussed. 

8.2   Bagnold  Model 
Bagnold's  (1963)  energetics-based  model  of  local  immersed  weight 
longshore  sediment  transport,  previously  described  by  Eq.  (2.11),  is  re- 
written below 

V„ 
HB   kB  dxlE  V  Uq  (8.1) 

where  small  angle  of  wave  incidence  is  assumed,  and  where  kR  is  a 

dimensionless  transport  coefficient,  C   is  the  wave  group  celerity,  V0 

is  the  local  longshore  current,  E  is  the  wave  energy  density  E=pgH2/8, 

and  uQ  is  typically  taken  as  the  near  bed  horizontal  wave  orbital 

velocity. 
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The  Bagnold  model  is  first  expressed  separately  for  the  surf  zone 
and  for  the  swash  zone  and  without  wave  induced  set-up.  For  the  surf 
zone,  uQ  is  taken  as  the  maximum  near  bed  horizontal  wave  orbital 
velocity,  and  linear  wave  theory  and  shallow  water  conditions  are 
assumed  such  that  uQ=gH/2C  and  the  wave  celerity  C  =  Cg  =  /gh.  For  the 
swash  zone,  it  is  assumed  that  u  =/gH  and  C  =/gH.  The  Bagnold  model  is 
then  written 


^    1  XT       TT    dH 

16  kB  pS  Vl  H  dx"  x<0 

1lB-^TkBP«V*«hS+H£)      °<X<Xb  <8'2> 

x>x. 


for  no  wave  energy  dissipation  seaward  of  the  breakpoint  x,.  The  values 
(but  not  necessarily  the  gradients)  of  the  surf  and  swash  expressions 
are  continuous  at  x=0  if  the  bed  slope  relative  to  the  gradient  of  the 
wave  height,  dh/dH,  is  2.5  at  the  shoreline.  (For  the  laboratory  data, 
dh/dH  =  3.0  to  5.3  at  the  shoreline.)  It  is  assumed  that  the  local 
maximum  elevation  of  water  during  the  uprush  and  backwash  of  the  swash 
(i.e.,  values  from  the  wave  board)  is  equal  to  the  wave  height  H,  for 
x<0.  Equation  (8.2)  was  evaluated  with  the  smoothed  wave  height, 
longshore  current,  and  profile  data  from  the  best  laboratory  impoundment 
intervals.  In  Figure  8-1  the  results  for  three  cases  are  compared  to 
the  measured  longshore  transport  distributions  developed  from  the 
impoundment  data  for  each  case.  As  for  all  similar  figures  which 
follow,  the  calculated  and  measured  distributions  are  normalized  by 
their  respective  total  longshore  transport  values.  As  seen  in  the 
figure,   agreement   is  generally  poor  especially  for  the  plunging/ 
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Figure  8-1:  Comparison  of  normalized  measured  longshore  transport  dist- 
ributions from  laboratory  data  (light)  with  the  Bagnold 
model  (bold).  No  set-up,  shoreline-discontinuous  evalua- 
tion. 
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collapsing  case.  The  worst  and  best  agreement  was  for  the  collapsing 
and  spilling  cases,  respectively  (not  shown);  however,  it  is  recalled 
that  the  measured  distribution  for  the  spilling  case  is  suspect.  For 
the  calculated  distributions,  the  breakpoint  discontinuity  is  indiscern- 
ible because  the  longshore  current  tends  to  zero  landward  of  the  break 
point  for  the  laboratory  data. 

The  Bagnold  model  is  also  written  so  as  to  be  continuous  across  the 
shoreline  and  evaluated  for  the  inclusion  of  wave  induced  set-up. 
Specifically,  for  both  the  surf  and  swash  zones,  the  maximum  horizontal 
orbital  velocity  from  linear  theory  is  assumed  for  u  ,  but  the  phase  and 

group  celerities,  C  and  C 

g,  (assuming  shallow  water)  are  taken  as: 


c  =  Cg  =  /g(H+d)  (8.3) 

from  solitary  wave  theory,  and  where  d  is  the  total  depth  including  wave 
induced  set-up,  d=h+n ' .   The  Bagnold  model  is  then  written 


^B'"  T  kB  p§  V£  f  2  <H+d>  £  +  1   H  df<H+d>]  (8.4) 


for  all  x<x^,  and  where  i-B,=0  for  x>x,  assuming  no  energy  dissipation 
seaward  of  the  breakpoint. 

Wave  induced  set-up  (which  was  not  measured  in  the  field  or 
laboratory  experiments)  is  given  by 


•'  "  l^^-iH  "To"1  hb  (8-5) 

8+3k      hb    16    b 


for  assumptions  of  small  angle  of  wave  incidence,  shallow  water,  and 
constant  proportion  k  between  local  wave  height  and  water  depth  (Dean 
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and  Dalrymple  (1984),  among  others).  The  set-up  for  each  data  set  of 
interest  is  initially  estimated  from  Eq.  (8.5)  using  the  average  beach 
profiles  and  breaking  depths  from  the  laboratory  data,  and  for  k=0.8. 
The  actual  set-up  in  the  laboratory  experiments  was  probably  less  than 
that  described  by  Eq.  (8.5)  because  of  the  finite  water  mass  and  beach 
end-conditions  in  the  model  basin.  Accordingly,  only  half  the  magnitude 
of  the  set-up  predicted  across  the  surf  zone  by  Eq.  (8.5)  is  used  for 
the  laboratory  evaluation  of  the  local  longshore  transport  models.  The 
removal  of  the  full  magnitude  of  set-up  (predicted  by  Eq.  (8.5))  from 
the  nearshore  wave  board  results  in  negative-valued  wave  height 
estimates — lending  support  to  the  assumption  that  the  set-up  was  not 
fully  developed  in  the  laboratory  basin. 

The  shoreline-continuous  Bagnold  model,  Eq.  (8.4),  was  evaluated 
with  the  laboratory  data  as  described  above,  and  in  Figure  8-2  is 
compared  to  the  measured  longshore  transport  distribution  for  the  three 
cases  previously  shown.  In  Figure  8-2,  as  in  all  figures  of  this  paper, 
x=0  refers  to  the  still  water  shoreline.  The  agreement  is  similar  or 
slightly  worse  than  for  the  shoreline-discontinuous,  no  set-up  Bagnold 
model  (Eq.  (8.2)).  Agreement  for  the  spilling  and  collapsing  cases  (not 
shown)  is  also  similar  or  slightly  worse. 

One  measure  of  the  quality  of  agreement  between  the  predicted  and 
measured  longshore  transport  distributions  is  the  total  rns  distribution 
error,  defined  here  as 


(8.6) 
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Figure  8-2:  Comparison  of  normalized  measured  longshore  transport  dist- 
ributions from  laboratory  data  (light)  with  the  Bagnold 
model  (bold).   Set-up,  shoreline-continuous  evaluation. 


242 

where  i£c  and  i    are  the  normalized  predicted  (i.e.,  calculated)  and 

n        n 
measured  local  longshore  transport  values,  respectively,  at  N  discrete, 

uniformly-spaced  locations  across  the  surf  zone.   The  normalized  values  i 

refer  to  iA/(I£/xb).   Based  upon  Eq.   (8.6),   the  average  total 

normalized  rms  distribution  error  for  each  of  the  laboratory  test  series 

is  0.92. 

For  purpose  of  comparison  to  other  models,  it  is  noted  that  if 
H=<d  and  h=d  across  the  beach,  the  two  Bagnold  models  evaluated  above, 
Eqs.  (8.2)  and  (8.4),  are  of  the  form 

t  u  T7  dh 

^B'  Hi&  (8.7) 


8.3  Stress  Model 
Komar  (1971,  1975,  1977)  and  Bailard  and  Inman  (1981)  proposed 
distributed  longshore  sediment  transport  models  which  are  based 
conceptually  upon  the  energetics  approach  of  Bagnold.  Whereas  the 
Bagnold  model  assumes  that  sediment  is  mobilized  for  transport  by  the 
orbital  wave  motion  and  carried  alongshore  by  existing  currents,  the 
Komar  and  Bailard/Inman  models  assume  that  the  existing  currents  carry 
sediment  alongshore  which  is  mobilized  as  a  function  of  the  bottom 
stress.  Accordingly,  the  latter  two  models  are  termed  "stress  models" 
by  McDougal  and  Hudspeth  (1981)  who  presented  a  generalized  stress  model 
for  local  longshore  transport, 


■Is   =  ks  P  1%'  Vl   Sin9  <8-8) 


for  the  assumption  of  small  wave  angle  and  weak  longshore  current,  and 
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where  k  is  a  dimensionless  coefficient  which  is  a  function  of  sediment 
s 

properties  and  transport  efficiency.    Replacing  the  near-bed  wave 

orbital  velocity  by  its  maximum  value  from  linear  theory,  and  further 

assuming  shallow  water  conditions  and  the  validity  of  Snell's  Law,  Eq. 

(8.8)  is  written 

where  the  subscript  b  denotes  breaking  conditions,  as  usual.   Equation 

(8.9)  was  taken  as  a  generic  description  of  the  Komar  and  Bailard  and 
Inman  models,  and  was  evaluated  with  the  (smoothed)  wave  and  longshore 
current  data  from  the  laboratory  experiments.  The  normalized  results 
are  shown  in  Figure  8-3  for  the  three  test  series  previously  illus- 
trated. The  normalized  measured  transport  distributions  developed  from 
the  laboratory  impoundment  data  are  also  shown  for  comparison.  The 
agreement  is  very  poor  for  all  cases  (including  the  spilling  and  col- 
lapsing cases,  not  shown).  Whereas  the  Bagnold  model  exhibits  some 
ability  to  predict  large  localized  transport  contributions  such  as  are 
prevalent  in  the  data  (see  Figures  8-1  and  8-2),  the  stress  model  gener- 
ally predicts  smoother,  more  uniform  transport  distributions.  This  may 
be  due  to  over-simplification  of  the  stress  model  as  expressed  by  Eq. 
(8.9).  In  application,  the  smooth  appearance  of  the  stress  model's 
predictions  result  primarily  from  its  non-dependence  upon  local  bed 
slope  and  the  local  gradient  of  wave  height. 

A.  condensed  description  of  the  generic  stress  model,  Eq.  (8.9),  for 
H=<h,  is 

i,s~hV£2  (8.10) 
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Figure  8-3:  Comparison  of  normalized  measured  longshore  transport  dist- 
ributions from  laboratory  data  (light)  with  the  stress 
model  (bold). 
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8.4  Alternate  Model  #1 

An  alternate  model  is  proposed  which  is  somewhat  similar  in  concept 

to  both  the  Bagnold  and  stress  models,  described  above.   The  local 

longshore  transport  is  assumed  proportional  to  the  local  work  done  by 

shear  stress  acting  on  the  bottom,  i.e., 

hl'h\Vl  (8.11) 

where  kj  is  a  dimensionless  coefficient.   The  bottom  shear  stress,  t,, 

is  taken  as  the  cross-shore  gradient  of  the  average  onshore  flux  of  the 

longshore  component  of  momentum  S   : 

xy 

as 


where 


S 


xy 


=  /JJ  puv  dz  (8.13) 


o 


and  u  and  v  represent  the  cross-shore  and  alongshore  components  of  wave 
rbital  velocity,  respectively.  The  overbar  denotes  time-averaging. 
Assuming  small  amplitude  linear  wave  theory,  straight  and  parallel  depth 
contours,  and  small  angles  of  wave  incidence,  Eq.  (8.13)  may  be  written 

c,  v  o   rsin9-\ 

S   =  E  C   I — —J  (8.14) 


such  that  the  proposed  local  longshore  transport  model  is  written 


hr  h  &*  V  \  P^),,  (".is) 
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Assuming  C  =  /g(H+d)  so  as  to  ensure  continuity  across  the  shoreline, 
Eq.  (8.15)  becomes 


zv  n+d 


for  all  x<x,  ,  and  i^^=0  for  x>x^  assuming  that  wave  energy  is  conserved 
seaward  of  the  breakpoint. 

Eq.  (8.16)  was  evaluated  with  the  laboratory  data  including  an 
estimate  of  set-up  as  described  above.  In  Figure  8-4,  the  results  are 
compared  to  the  measured  longshore  transport  distributions  for  the  three 
cases  previously  shown.  Noting  its  similarity  to  the  Bagnold  model,  it 
is  not  surprising  that  the  proposed  model's  predicted  transport  distri- 
butions are  very  similar  to  those  of  the  second  evaluation  of  the 
Bagnold  model  (Fig.  8-2).  Like  the  Bagnold  model,  agreement  between  the 
calculated  and  measured  distributions  is  fair  for  the  spilling  case  but 
deteriorates  for  the  non-spilling  cases  due  to  overprediction  of 
transport  in  the  mid-  or  outer  surf  zone.  Based  upon  the  total  rms 
distribution  error,  the  normalized  longshore  transport  distributions 
from  the  Bagnold  model,  as  expressed  by  Eq.  (8.4),  agree  with  the 
normalized  (measured)  laboratory  distributions,  on  average,  13%  better 
than  the  results  of  the  proposed  model.  This  is  based  upon  the  data  of 
the  best  impoundment  intervals  of  all  five  laboratory  test  series  except 
the  spilling  case,  for  which  the  proposed  model  is  20%  better  than  the 
Bagnold  model. 

For  H=Kd  and  d=h,  the  proposed  model,  Eq.  (8.16),  is  of  the  form 


'u~"3/2'«t  <8-"> 
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Figure  8-4:  Comparison  of  normalized  measured  longshore  transport  dist- 
ributions from  laboratory  data  (light)  with  alternate  model 
#1  (bold).   Set-up,  shoreline-continuous  evaluation. 
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8.5  Alternate  Model  #2 

A  second  distributed  longshore  transport  model  is  proposed  which 

assumes  that  sediment  is  mobilized  in  proportion  to  the  local  rate  of 

wave  energy  dissipation  per  unit  volume  and  transported  alongshore  by  an 

existing  current,  i.e., 


-12   =  k2  ^  a|<E  V  \  (8*18) 


where  k2  is  a  constant  of  proportionality  with  units  of  time. 

In  order  to  avoid  a  singularity  and  ensure  continuity  at  the 
shoreline,  it  is  assumed  that  the  height  of  the  water  column  which 
defines  the  local  surf  zone  volume  (per  unit  area)  is  given  by  H+h. 
Further  assuming  shallow  water  conditions,  small  angles  of  wave 
incidence,  and  taking  C  =  /g(H+h),  Eq.  (8.18)  may  be  written 

a  1,     3/2   H   .  „  dH     H     d  , 

*2=S*2Pg    ^=[  2^+20W)  d7(H+d)]  V£      <8'19> 

for  x<xb,  and  i£2=0  for  x>xb  assuming  no  energy  dissipation  seaward  of 
the  breakpoint.  The  still  water  depth,  h,  has  been  replaced  by  the 
total  depth,  d,  for  completeness. 

Eq.  (8.19)  was  evaluated  with  the  laboratory  data  including  an 
estimate  for  set-up  as  described  earlier.  In  Figure  8-5  the  results  are 
compared  to  the  measured  longshore  transport  distributions  for  all  five 
of  the  laboratory  test  series.  The  agreement  is  fair,  but  the  model 
generally  overpredicts  transport  in  the  mid-surf  zone  (especially  for 
the  plunging/collapsing  and  collapsing  cases)  and  poorly  models  the 
near-shoreline  transport  distribution.   The  average  total  normalized  rms 
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Figure  8-5:  Comparison  of  normalized  measured  longshore  transport  dist- 
ributions from  laboratory  data  (light)  with  alternate  model 
#2  (bold).  Set-up,  shoreline-continuous  evaluation.  (Con- 
tinued on  following  page.) 
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Figure  8-5:   Continued  from  previous  page. 


distribution  error  is  15.5%  better  than  for  the  Bagnold  model.   This 
excludes  the  spilling  case,  for  which  the  Bagnold  model  is  5%  better. 

A  condensed  description  of  the  proposed  model,  for  H=<d  and  d=h  is 


_   1/2    dh 


(8.20) 


251 
8.6  Alternate  Model  #3 
The  third  proposed  model  is  identical  in  concept  to  alternate  model 
#2,  but  includes  a  factor  of  the  local  bed  slope, 

where  k3  is  a  constant  of  proportionality  with  units  of  time.   The 

1/2 
factor  (dh/dx)     is,  for  now,  empirically  introduced  to  reflect  the 

relatively  strong  correlation  observed  between  the  longshore  transport 
distribution  data  and  the  local  bed  slope.  Theoretically  based 
arguments  which  support  the  inclusion  of  a  factor  of  bed  slope  are 
presented  later  in  this  chapter. 

For  the  same  assumptions  described  for  alternate  model  #2,  Eq. 
(8.21)  is  written: 

i       =Ik     p3/2_H_rdH       _H d,  rdCd),172 

"        8     3  /m       dx        2(H+d)  ^  *   [^rJ  (8.22) 

Eq.  (8.22)  was  evaluated  with  the  laboratory  data  including  an  estimate 
for  set-up  as  described  earlier.  In  Figure  8-6  the  results  are  compared 
to  the  measured  longshore  transport  distributions  for  all  five  of  the 
laboratory  test  series.  The  agreement  is  fairly  good  for  all  cases. 
There  is  some  overprediction  in  the  surf  zone  for  the  plunging/  collaps- 
ing and  collapsing  cases,  and  underprediction  near  the  breakpoint  and 
inner  breakpoint,  respectively,  for  the  plunging  and  plunging/  spilling 
cases.  Recalling  that  the  measured  distribution  for  the  spilling  case 
is  believed  to  be  biased  towards  the  outer  surf  zone,  the  disagreement 
between  the  predicted  and  actual  distributions  for  the  spilling  case  is 
probably  not  as  severe  as  is  observed  in  the  figure.    It  is  thought, 
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Figure  8-6:  Comparison  of  normalized  measured  longshore  transport  dist- 
ributions from  laboratory  data  (light)  with  alternate  model 
#3  (bold).  Set-up,  shoreline-continuous  evaluation.  (Con- 
tinued on  following  page.) 
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Figure  8"-6:   Continued  from  previous  page. 


however,  that  the  peak  predicted  in  the  swash  zone  for  the  spilling  case 
may  be  unrealistically  large. 

On  average  (excluding  the  spilling  case)  this  model  exhibits  a 
16.8%  improvement  in  total  rms  normalized  distribution  error  over  alter- 
nate model  t2,  and  a  32%  improvement  over  the  Bagnold  model.  Individ- 
ually, the  greatest  improvement  is  observed  for  the  plunging/collapsing 
and  collapsing  cases  (about  20%  for  alternate  model  //2,  and  43%  for  the 
Bagnold  model).  The  least  improvement  (less  than  10%  for  both  models) 
is  observed  for  the  plunging  case. 
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Evaluation  of  the  model  for  the  full  magnitude  of  set-up,  given  by 
Eq.  (8.5),  generally  improved  agreement  for  the  spilling  and  spilling/ 
plunging  cases,  but  worsened  agreement  for  the  plunging/collapsing  and 
collapsing  cases.  Conversely,  evaluation  for  no  set-up  degraded  agree- 
ment for  the  former  cases  while  improving  agreement  for  the  latter. 

For  H=<h  and  d=h,  alternate  model  #3  is  of  the  form 

.     .1/2  _   rdh^3/2 

8.7  Alternate  Model  #4 
A  fourth  model  is  proposed  primarily  as  a  sensitivity  test  of  the 
bed  slope  factor  introduced  in  the  previous  model;  that  is, 

where  k^  is  a  constant  of  proportionality  with  units  of  time.  This 
model  was  evaluated  following  the  same  assumptions  and  approach  of  the 
previous  two  models.  The  results  for  all  five  of  the  laboratory  test 
series  are  shown  in  Figure  8-7  along  with  the  measured  longshore 
transport  distributions. 

As  the  majority  of  the  laboratory  beach  profiles  exhibited  a  steep 
foreshore  relative  to  the  rest  of  the  profile,  alternate  model  #4 — which 
heavily  weights  bed  slope — consistently  predicts  the  longshore  transport 
maxima  about  the  foreshore.  This  results  in  improved  agreement  between 
the  predicted  and  measured  distributions  for  the  plunging/collapsing  and 
collapsing  cases.  However,  it  simultaneously  results  in  substantial 
overprediction  of  foreshore  contributions  for  the  non-collapsing  cases. 
Given  the  limited  data  and  the  possibility   that   the  measured  transport 
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Figure  8-7:  Comparison  of  normalized  measured  longshore  transport  dist- 
ributions from  laboratory  data  (light)  with  alternate  model 
#4  (bold).  Set-up,  shoreline-continuous  evaluation.  (Con- 
tinued on  following  page.) 
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Figure  8-7:   Continued  from  previous  page. 


1.5 


distributions  for  the  longer-term  impoundment  experiments  may  be 
somewhat  skewed  offshore  due  to  smearing  (i.e.,  for  the  spilling  and 
plunging/spilling  cases),  it  is  difficult  to  say  whether  this  over- 
prediction  at  the  foreshore  is  significantly  unrealistic. 

The  average  total  normalized  rms  distribution  error  for  this  model 
is  0.67,  or  3.7%  better  than  for  alternate  model  #3.  (The  average  error 
is  0.57  if  the  spilling  case  is  excluded.)  However,  since  this  model 
may  significantly  overpredict  local  longshore  transport  about  the  fore- 
shore for  non-collapsing  cases  (i.e.,  those  cases  which  are  of  more 
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frequent  interest  to  coastal  engineers),  alternate  model  #3  is  preferred 
to  this  model. 

8.8  Alternate  Model  #5 
Finally,  a  fifth  model  is  proposed  which  is  conceptually  similar  to 
the  Bagnold  model: 


,     ,   1   8  ,_  _  .  V£  fdhU/2 
o 


where  k5  is  a  constant  of  proportionality  with  units  of  length,  and  the 
factor  of  bed  slope  is  introduced  as  for  alternate  model  #3.  Bagnold 
assumed  that  the  sediment  transport  rate  is  proportional  to  the  rate  of 
energy  dissipation  (per  unit  area)  within  the  shearing  bedload  layer, 
whereas  in  the  present  model,  it  is  assumed  proportional  to  the  rate  of 
energy  dissipation  per  unit  volume  of  surf. 

Bailard  and  Inman  (1979)  re-derived  the  general  form  of  the 
original  Bagnold  expression  through  consideration  of  the  rate  of  energy 
dissipation  (per  unit  voulme)  in  the  bedload  shear  layer.  They  found 
that  the  total  rate  of  energy  dissipation  within  the  layer  is  composed 
of  two  terms:  the  contribution  from  the  downslope  gravity  component  and 
the  contribution  from  the  applied  stress.  The  first  term  is  propor- 
tional to  sin(3)  where  3  is  the  angle  which  the  bed  makes  with  the 
horizontal.  The  Bagnold  model  is  developed  by  assuming  small  bed  slope 
such  that  the  first  terra  is  neglected  and  the  second  term  remains. 
Accordingly,  for  relatively  steep  local  bed  slopes  such  as  upon  the 
foreshore  or  the  face  of  a  bar,  the  inclusion  of  a  factor  of  bed  slope 
in  the  present  model  (as  well  as  in  the  previous  alternate  models  #3  and 
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#4)  is  somewhat  justified.  However,  it  follows  that  the  local  bed  slope 
term  may  be  more  properly  included  in  the  model  in  the  form 

'.•iEDtOr  <8-2" 

o 

where  the  applied  stress  is  assumed  proportional  to  the  local  rate  of 
wave  energy  dissipation  per  unit  volume,  D,  and  where  *(~p)  represents 
a  term  which  is  a  function  of  the  local  bed  slope  and  other  sediment  and 
flow  parameters. 

Alternate  model  #5,  though  lacking  the  form  of  Eq.  (8.26)  suggested 
above,  was  evaluated  for  the  same  assumptions  and  conditions  of  the 
previous  four  models,  and  for  uQ  taken  as  the  near  bed  horizontal 
orbital  velocity  from  linear  theory.  Accordingly,  Eq.  (8.25)  was 
written 


15   -  1  h   P«  '€  +  2<£«7  E*"")]  h   ^1/2       <8"2" 


Eq.  (8.27)  was  evaluated  with  the  laboratory  data  and  for  wave  induced 
set-up  as  described  earlier.  The  resulting  predicted  (normalized) 
distributions  were  very  similar  to  those  of  alternate  model  #3. 
However,  the  average  agreement  between  the  predicted  and  measured 
(normalized)  distributions  was  9%  poorer  than  for  alternate  model  #3. 
Individually,  the  plunging  and  collapsing  cases,  respectively,  were  20% 
and  12%  poorer  than  for  model  #3,  while  the  other  cases  were  less  than 
5%  poorer. 
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8.9  The  Proportionality  Constants 
As  previously  described,  the  laboratory  experiments  were  not 
intended  to  measure  the  total  longshore  transport  rate.  However,  it 
will  be  assumed  that  the  total  longshore  transport  rate  measured  for 
each  laboratory  test  series,  I.  ,  is  reasonably  approximated  by  the 
cross-shore  integration  of  the  local  longshore  transport  rates  developed 
from  the  best  impoundment  intervals  of  each  test  series.  The  local 
volumetric  rates  are  converted  to  immersed  weight  rates  through  Eq. 
(2.5),  where  Ps=2.7  and  a*=0.6.  The  constant  of  proportionality  k,  in 
an  existing  or  proposed  local  longshore  transport  model  is  evaluated  by 

k  =  hJhc  <8'28> 

where 

X£c  =  £  he   dx  <8'29> 

o 

and  i£c  refers  to  the  calculated  values  of  the  local  longshore  transport 

rate  from  the  existing  or  proposed  model.  The  term  x   is  the  landward 

limit  of  longshore  transport  calculated  from  the  model. 

The  mean  value  of  the  proportionality  constant  k3  in  alternate 
model  #3  (Eq.  (8.21))  is  0.48  sees  (prototype  scale)  and  0.057  sees 
(model  scale).  The  normalized  standard  deviation  of  k.,  for  all  five 
laboratory  test  series  is  31.8%.  The  value  of  k3  generally  increases  as 
the  wave  type  varies  from  the  spilling  cases  to  the  collapsing  case  but 
a  clear  trend  is  not  seen.  (The  prototype-scale  value  of  k3  listed 
above  is  not  really  meaningful  because  the  distortion  of  the  laboratory 
model  precludes  proper  scaling  of  the  proportionality  constant.) 

For  comparison,  the  average  value  of  the  proportionality  constant 
kB  in  the  Bagnold  model  (as  evaluated  through  Eq.  (8.4))  is  0.123.   This 
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is  about  half  the  value  suggested  by  the  field  data  of  Komar  and  Inman 
(1970).  The  normalized  standard  deviation  of  kg  for  all  five  laboratory 
test  series  is  64%.  Again,  a  weak  and  poorly  defined  trend  is  observed 
as  kB  increases  by  a  factor  of  about  4  from  the  spilling  case  to  the 
collapsing  case. 

The  smallest  range  of  values  calculated  for  the  proportionality 
constant  for  each  of  the  proposed  models  was  associated  with  alternate 
model  #4,  for  which  the  normalized  standard  deviation  of  k^  was  found  to 
be  28%.   Alternate  model  #3  was  second  smallest  (31.8%). 

8.10   Comparison  to  Field  Data 

Each  local  longshore  transport  model  described  above  was  evaluated 
with  the  wave,  longshore  current,  and  average  beach  profile  data  of  the 
two  best  field  impoundment  experiments.  Tidal  effects  were  not 
included.  The  results  were  compared  to  the  measured  longshore  transport 
distributions  developed  for  these  experiments.  Specifically,  the  data 
of  Groyne  #3,  loops  2-3,  and  of  Groyne  #4,  loops  4-5,  were  selected  for 
analysis.  The  total  magnitude  of  the  wave  induced  set-up,  described  by 
Eq.  (8.5),  was  included  in  the  model  evaluations. 

The  normalized  longshore  transport  distributions  predicted  by 
alternate  models  #2  and  #3  (as  evaluated  using  Eqs.  (8.19)  and  (8.22), 
respectively)  exhibited  the  best  overall  agreement  with  the  normalized 
measured  distributions  from  the  field  data  (see  Figures  8-8  and  8-9). 
Both  models  #2  and  #3  predict  the  general  trend  of  the  measured  trans- 
port distribution  fairly  well  for  the  Groyne  #4  case,  although  the 
predicted  distributions  are  shifted  slightly  shoreward  relative  to  the 
measured  distributions.   Unlike  the  laboratory  cases,  the  agreement  for 
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model  #2  is  slightly  better  than  for  model  #3.  Neither  model  reflects 
the  general  trend  of  the  measured  distribution  from  Groyne  #3  very  well; 
however,  the  validity  of  the  measured  distribution  may  be  suspect.  As 
described  in  Chapter  5,  the  large-valued  transport  peak  at  the  landward- 
most  edge  of  the  swash  zone  may  reflect  groyne-local  accretion  high  on 
the  beach  which  followed  localized  erosion  due  to  the  groyne  deployment 
operation. 
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Figure  8-8: 


Comparison  of  normalized  measured  longshore  transport  dist- 
ributions from  the  two  best  field  data  sets  (light)  with 
alternate  model  #2  (bold).  Set-up,  shoreline-continuous 
evaluation  without  tidal  influence. 
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Figure  8-9:  Comparison  of  normalized  measured  longshore  transport  dist- 
ributions from  the  two  best  field  data  sets  (light)  with 
alternate  model  #3  (bold).  Set-up,  shoreline-continuous 
evaluation  without  tidal  influence. 


As  was  also  observed  for  the  laboratory  data,  alternate  model  #4 
substantially  overpredicted  the  swash  and  near-shoreline  contributions 
for  the  two  field  cases.  The  stress  model  and  alternate  model  #1  also 
poorly  predicted  the  general  trend  of  the  two  field  cases.  The  results 
of  alternate  model  #5  (evaluated  using  Eq.  (8.27))  were  similar  to  those 
of  alternate  model  #3. 

The  results  of  the  Bagnold  model  as  evaluated  using  Eq.  (8.4)  for 
the  two  best  field  data  sets  are  shown  in  Figure  8-10.   Agreement  with 
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the  measured  field  distributions  is  generally  fair  for  the  surf  zone, 
but  swash  and  near-shoreline  contributions  are  not  predicted. 

For  the  Groyne  #4  results,  the  constants  of  proportionality  for  the 
two  best  models  were  found  to  be  k2=0.14  sees  and  ko=0.53  sees  for 
alternate  models  #2  and  #3,  respectively.  For  the  Bagnold  model, 
kb=0.115. 
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Figure  8-10:  Comparison  of  normalized  measured  longshore  transport  dist- 
ributions from  the  two  best  field  data  sets  (light)  with 
the  Bagnold  model  (bold).  Set-up,  shoreline-continuous 
evaluation  without  tidal  influence. 
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While  comparing  the  models'  predicted  results  with  measured  long- 
shore transport  distributions  from  the  field  data,  it  is  important  to 
bear  in  mind  the  limitations  of  the  data.  First,  the  wave  and  longshore 
current  data  for  the  field  experiments  as  used  in  the  model  evaluation, 
are  very  crude.  The  raw  wave  and  current  data  (limited  in  the  first 
place)  were  plotted  against  the  tidally-adjusted  depth  at  which  they 
were  observed,  smoothed,  then  transformed  to  approximate  wave  height  and 
longshore  current  profiles  across  shore.  Values  in  the  swash  zone  were 
simply  assumed  based  upon  laboratory  observations.  Second,  the  measured 
longshore  transport  distributions  were  in  part  developed  through  tidal 
deconvolution — the  validity  of  which  has  not  yet  been  firmly 
established. 

8.11  The  Preferred  Model 
Of  all  the  models  described  and  evaluated  above,  alternate  model 
#3,  originally  expressed  by  Eq.  (8.21),  appears  to  predict  the  longshore 
transport  distributions  measured  in  the  laboratory  most  consistently. 
Additionally,  model  #3  predicts  the  measured  distribution  from  one  of 
the  two  best  field  data  sets  reasonably  well;  none  of  the  models 
reasonably  predict  the  other.  Based  upon  the  laboratory  data,  alter- 
nate model  #4  overestimates  near-shoreline  contributions  because  it 
includes  the  greatest  dependence  upon  bed  slope  of  any  of  the  models. 
Alternate  model  #2,  which  includes  less  dependence  on  bed  slope  than 
model  if  3,  overestimates  surf  zone  contributions  and  poorly  models  the 
nearshore  distribution.  The  normalized  distributions  predicted  by  model 
#5  are  very  similar  to  those  of  model  if3.  However,  the  total  rms 
distribution  error  is  9%  worse  for  model  #5  than  for  #3,  and  the  values 
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of  the  proportionality  constant  estimated  for  model  #5  vary  over  a  range 
which  is  twice  as  great  as  for  model  #3.  Overall,  of  the  models  tested, 
alternate  model  #1  and  the  Bagnold  and  stress  models  exhibit  the  poorest 
agreement  with  the  measured  distributions.  In  summary,  it  appears  that 
alternate  model  #3,  on  average,  best  predicts  the  measured  longshore 
transport  distributions  of  all  the  models  considered. 

8.12  Some  Considerations  of  Non-Linear  Effects 

8.12.1  Preliminary  Remarks 

Evaluation  of  all  of  the  models  described  above  more  or  less  relied 
upon  linear  wave  theory.  While  the  use  of  linear  theory  greatly  simpli- 
fies application  of  the  models,  it  is  recognized  that  non-linear  wave 
theories  are  more  appropriate  for  evaluating  nearshore  wave  related 
beach  processes.  Accordingly,  a  few  implications  of  non-linear  wave 
theory  on  total  and  distributed  longshore  transport  are  discussed  in  the 
following  pages. 

8.12.2  Total  Transport 

Dean  (1974)  has  shown  that  the  average  energy  E  per  unit  surface 
area  for  a  non-linear  (stream  function)  wave  is  much  less  than  for  a 
linear  wave.  Similarly,  it  can  be  shown  that  the  quantities  P£b  and  S 
most  often  associated  with  prediction  of  the  total  longshore  transport 
are  also  much  less  for  non-linear  (stream  function)  theory  than  for 
linear  theory. 

From  Eq.  (2.2), 

P^  =  E  C   cosot  sina  (8.30) 
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Denoting  stream-function  quantities  by  the  subscript  \\i,      the  ratio 
between  the  stream  function  and  linear  theory  expressions  of  the  so- 
called  longshore  energy  flux  at  breaking  can  be  written 


P..    LE  n  L  L  Jb   LL  Jb  (8.31) 

*D  O  O 


where  n=Cg/C  as  usual,  and  where  wave  properties  not  subscripted  by  ij> 
refers  to  linear  theory  values. 
From  Eq.  (8.13), 

sxy  "  "J  E  n  sin2a  (8.32) 

so  that  the  ratio  between  the  stream  function  and  linear  theory  expres- 
sions of  the  onshore  flux  of  the  longshore  component  of  momentum  (long- 
shore radiation  stress)  at  breaking  can  be  written 

xy 

For  selected  values  of  h/LQ,  Dean  (1974)  presents  values  of  the  ratios 
Eij/E>  n^»  an<*  L^/L0  for  a  breaking  condition  defined  by  H=0.78hb  ("case 
D"  in  the  stream  function  tables).  For  the  first  seven  tabulated  condi- 
tions in  Dean,  where  h/LQ=0.002  to  0.2,  the  non-linear  to  linear  ratios 
of  P£b  and  Sxy  (as  given  by  Eqs.  (8.32)  and  (8.33),  respectively)  are 
shown  in  Figure  8-11.  The  suspiciously  large  values  calculated  for 
hb/Lo=0,02  ("case  4-D")  are  not  unexpected  as  they  reflect  an  error  or 
anomaly  in  the  stream  function  tables  for  this  case  (Dean — personal 
communication).  It  is  seen  that  the  quantities  P£b  and  S  calculated 
by   stream  function   theory,   are   as  much  as  3  to  4  times  smaller  than 
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Figure  8-11:  Ratio  of  the  stream  function  and  linear  theory  values  of 
the  longshore  wave  energy  flux,  P£,  and  the  longshore 
radiation  stress,  S  for  several  cases  evaluated  at 
breaking. 


calculated  by  linear  theory  for  very  shallow  water  waves.   If  the  well 

known  expressions  for  total  longshore  transport,  I.=K  P.,  and  I„=K*S 

*    Jib      x.    xy' 

are  not  simply  functional  relationships  (that  is,  if  the  total  longshore 
transport  is  actually  related  to  physical  quantities  expressed  by  P.. 
and  Sxy)  then  one  would  expect  less  longshore  transport  than  predicted 
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by  linear  theory  for  very  shallow  water  waves  (smaller  hb/L  ).  For  a 
less  shallow  water  wave  (larger  hb/LQ),  one  would  expect  that  the  total 
longshore  transport  is  better  predicted  by  linear  theory.  This  of 
course  overlooks  the  point  that  P£b  has  no  obvious  physical  meaning  and 
assumes  that  the  constants  of  proportionality,  K  and  K*,  are  actually 
treated  as  constants.  Conversely,  if  K  and  K*  are  not  really  constants 
and  Pib  and  Sxy  are  evaluated  by  linear  theory  as  usual,  then  one  would 
expect  K  and  K  to  decrease  with  decreasing  hb/L  . 

As  described  in  Chapter  2,  however,  the  laboratory  data  of  Kamphuis 
and  Readshaw  (1978),  Vitale  (1981),  and  Ozhan  (1982)  suggest  that  the 
opposite  may  be  true.  Each  of  these  investigators  found  that  the  con- 
stants  of  proportionality  K  and  K  increase  with  increasing  surf  simi- 
larity parameter  1^/fiLjTT.  Therfore,  for  a  given  beach  slope  m,  if 
Hb  is  proportional  to  hb,  K  and  K*  should  increase  with  decreasing 

h,  /L  . 
b'  o 

This  disagreement  implies  that  either  (i)  the  longshore  transport 
is  not  related  to  the  physical  quantities  expressed  by  P..  and  S  ,  or 
(ii)  the  dependence  of  the  longshore  transport  upon  the  surf  similarity 
parameter  is  significant  enough  to  outweigh  the  non-linear  vs.  linear 
argument  presented  above.  If  the  former  is  true,  then  the  simple 
expression  I£=KP£  and  I£=K  Sxy  are  only  functional  relations.  If  the 
latter  is  true,  then  one  night  expect  that  swash  zone  processes  are  even 
more  significant  to  longshore  sediment  transport  than  has  been 
previously  recognized  in  the  literature.  That  is,  large  values  of  the 
surf  similarity  parameter  correspond  to  collapsing  or  surging  conditions 
and  imply  larger  values  of  K  and  K  (i.e.,  greater  longshore  transport 
for  given  linear  theory  values  of  P£b  and  Sxy).   Since  most  of  the 
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longshore  transport  occurs  at  or  above  the  shoreline  for  collapsing  or 
surging  cases,  the  efficiency  of  the  longshore  swash  transport  must  be 
very  high  in  order  to  produce  relatively  larger  magnitudes  of  total 
transport.  Likewise,  it  was  found  from  the  laboratory  experiments  that 
relatively  less  longshore  transport  occurs  at  or  above  the  shoreline  for 
spilling  or  spilling/plunging  conditions  (i.e.,  small  surf  similaraity 
parameter).  Since  the  K  and  K  values  are  purportedly  smaller  for  these 
conditions,  relatively  less  longshore  transport  is  expected  (for  given 
values  of  P£b  and  S  ).  It  follows,  then,  that  the  total  longshore 
transport  decreases  (for  given  P^  and  S  )  as  the  relative  conrtibution 
of  swash  zone  and  near-shoreline  longshore  transport  decreases.  As  an 
example,  previous  investigations  have  suggested  that  the  value  of  K 
increases  about  five-fold  from  plunging/spilling  to  collapsing 
conditions  (see  Figure  2-5).  From  this  study's  laboratory  investiga- 
tion, the  contribution  of  the  swash  transport  to  the  total  transport  was 
similarly  found  to  increase  by  about  two-  to  three-fold  from  plunging/ 
spilling  to  collapsing  conditions.  Hence,  swash  and  inner  surf  zone 
longshore  transport  must  play  a  central  role  in  the  determination  of  the 
total  longshore  transport. 

It  is  of  interest  to  note  that  the  preferred  longshore  transport 
distribution  model,  described  above  as  alternate  model  //3,  implies  that 
the  total  longshore  transport  is  proportional  to  the  surf  similarity 
parameter  or  at  least  increases  as  the  waves  tend  from  spilling  to 
collapsing  conditions  for  a  given  value  of  P£b  for  a  planar  beach.  From 
Eq.  (2.12),  and  assuming  linear  wave  theory,  straight  and  parallel  depth 
contours,  weak  longshore  current  with  no  mixing,  C  =  /gh",  and  that 
the  local  wave  height  is  in  constant  proportion  to  the  local  water 
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depth,  H=<h,  the  longshore  current  profile  Is  given  by 


V  =  il  £JS  h  dh   ,sinou 
A   16   C  n  dx   *>  C  Jb  (8.34) 


after  Longuet-Higgins  (1970).  For  the  above  assumptions  the  longshore 
sediment  transport  distribution  from  alternate  model  #3  (Eq.  (8.22))  is 
given  by 

,     5       3/2  2   1/2  rdh^3/2  TT 

^3  =T6  k3  pS    K     h    fe)    V£  (8.35) 

where  set-up  has  been  neglected.  Combining  Eqs.  (8.34)  and  (8.35)  and 
integrating  from  the  shoreline  to  the  breakpoint  yields  the  total 
longshore  transport  in  the  surf  zone.   For  a  planar  beach  of  slope  m, 

e        1/2   3/2 

X£3  =  16  k3   c: 7T72  P*b  (8'36> 

f    hb 

where  shallow  water  conditions  and  small  wave  angle  have  been  further 
assumed  such  that  coscc  «  1  and  Cb  =  /ghb.  For  a  given  value  of  P£b,  Eq. 
(8.36)  implies  that  the  total  longshore  transport  (at  least  in  the  surf 
zone)  should  increase  with  increasing  beach  slope  and  decreasing 
breaking  water  depth.  Since  it  is  well  known  that  the  breaking  wave 
condition  tends  from  spilling  to  collapsing  as  the  beach  slope  and 
breaking  depth  increase  and  decrease,  respectively,  Eq.  (8.36)  implies 
greater  total  transport  for  collapsing  conditions  compared  to  spilling 
conditions.   Alternately,  Eq.  (8.36)  may  be  written 

1Z3   =   K3  P£b  (8.37) 
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where 

,      nr       3/2   1/2 
K3    16  k3    C        T    S  (8,38) 

As  described  by  Eq.  (8.38),  correlation  of  the  total  transport  propor- 
tionality constant  K^  with  the  surf  similarity  parameter  ?v  appears  when 
the  wave  period  T  is  introduced.  The  correlation  of  the  total  longshore 
transport  proportionality  constant  with  the  surf  similarity  parameter  is 
consistent  with  the  findings  of  other  recent  investigators  as  described 
in  Chapter  2. 

8.12.3  Shoreward  Convection  of  Longshore  Current  by  Wave  Mass  Transport 
The  longshore  current  profiles  measured  by  Eulerian  and  Lagrangian 
methods  in  the  field  and  laboratory,  respectively,  suggest  that  the 
longshore  current  is  maximum  near  the  shoreline.  This  is  consistent 
with  the  longshore  current  profile  predicted  for  a  concave-up  equilibrum 
beach  shape  (McDougal  and  Hudspeth,  1981)  which  was  the  characteristic 
beach  shape  of  the  field  and  laboratory  conditions.  However,  the 
laboratory  longshore  current  profiles  appeared  to  be  displaced  shoreward 
from  the  break  point  relative  to  the  profiles  predicted  by  theory  (see 
Chapter  9).  This  may  be  due  to  a  shoreward  convection  of  the  longshore 
current  associated  with  mass  transport  in  the  surf  zone  (a  phenomenon 
origninally  suggested  to  this  author  by  Robert  Dean).  Specifically,  if 
both  the  horizontal  wave  orbital  velocity  u  and  an  existing  longshore 
current  V^  are  considered,  the  average  flux  in  the  onshore  direction  of 
the  longshore  component  of  momentum  is  given  by 


S   =  /   n  p  u  cosa  (V.  +  u  sina)  ds  (8.39) 

xy   '  o  £. 
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after  Eq.  (8.12),  where  s  is  oriented  vertically  upwards  from  the  bed,  a 
is  the  local  wave  angle,  and  the  over-bar  denotes  time-averaging.   It  is 
instructive  to  rewrite  Eq.  (8.39)  in  two  terms 


0     rh+n   2       ,    ,      ch+n 
xy  =  >0     P  U  COSCl  sina  ds   +  /o  p  u  Vjt  cosa  ds  (8.40) 

Assuming  that  u  is  given  by  linear  theory  and  that  V£  is  steady  and 
uniform  over  depth,  Eq.  (8.40)  becomes 


1  E 

Sxy  =  2   E  n  Sin2a  +  C  Vi  cosa  (8.41) 


where  only  terms  up  to  second  order  have  been  retained  and  use  has  been 
made  of  the  expansions  for  the  hyperbolic  terms  cosh(kn)  and  sinh(kn). 
In  Eq.  (8.41)  the  first  term  is  identical  to  the  usual  expression  of  the 
longshore  radiation  stress,  Sxy.  Recognizing  that  E/C  is  the  mass 
transport,  the  second  term  (which  is  developed  from  the  second  integral 
of  Eq.  (8.40))  represents  an  onshore  transport  of  the  longshore  current 
(or  alternately,  a  longshore  convection  of  the  onshore  compo-  nent  of 
wave  mass  transport).  Physically,  from  an  Eulerian  viewpoint,  the 
second  term  arises  because  the  longshore  current  is  assumed  to  exist  up 
to  the  free  surface;  i.e.,  the  longshore  current  exists  above  the  wave 
trough  level  during  passage  of  the  crest  (onshore  particle  motion),  but 
does  not  always  exist  above  the  trough  level  during  passage  of  the 
trough  (offshore  particle  motion).  Therefore,  a  net  onshore  movement  of 
the  near-surface  longshore  current  is  observed. 

The  implications  of  the  second  term  in  Eq.  (8.41)  are  twofold. 
First,   there  is  a  shoreward  displacement  of  the  longshore  current 
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profile  (as  was  observed  in  the  laboratory  experiments).    Second, 
longshore  stresses  may  be  convected  towards  shore  thereby  enhancing 
longshore  transport  near  the  shoreline.    Specifically,  the  onshore 
component  of  the  mass  transport  diffuses  downwards  through  the  water 
column  and  is  returned  seaward  through  an  undertow  which  flows  near  the 
bottom.   Nearshore,  in  very  shallow  depths,  the  mass  transport  which 
streams  to  the  bottom  to  form  the  return  flow  includes  a  large  component 
of  longshore  velocity  (i.e.,  due  to  the  shoreward  convection  of  long- 
shore current  by  the  mass  transport).   If  the  longshore  current  is  in 
reality   concentrated   near   the   surface   (and  not   depth-uniform  as 
originally  assumed),   then  further  from  shore,   in  relatively  deeper 
water,  the  near-bottom  seaward  return  flow  includes  a  smaller  component 
of  longshore  velocity.   If  this  conceptual  model  is  valid,  then  the 
near-bottom  return  flow  is  rich  in  longshore  current  near  the  shoreline 
and  relatively  poorer  in  longshore  current  further  offshore.   Hence,  the 
near-bottom  longshore  stress  and  longshore  sediment   transport  are 
expected  to  be  greater  near  the  shoreline  than  near  the  outer  surf  zone. 
It  may  also  be  argued  intuitively  that  the  downward  diffusion  of 
the  shoreward-directed  mass  transport  increases  for  steeper  bed  slopes 
since  the  vertical  eddy  diffusivity  is  generally  thought  to  increase 
with  increasing  bed  slope.   Accordingly,  the  longshore  current  convected 
shoreward  by  the  mass  transport  is  more  rapidly  and/or  effectively 
diffused  towards  the  bed  over  steeper  slopes.    Therefore,  longshore 
stress  or  longshore  transporting  capability  is  increased  near  the  bed 
for  regions  of  steep  bed  slope.   This  may  explain  the  strong  correlation 
between  local  bed  slope  and  local  longshore  transport  which  is  observed 
in  the  data  and  is  reflected  in  the  preferred  distributed  longshore 
transport  model,  Eq.  (8.21). 
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The  implications  of  the  onshore  convection  of  the  longshore  current 
are  slightly  different  for  the  swash  zone.  The  swash  zone  may  be 
thought  of  as  a  "sink"  for  longshore  stress  which  is  convected  shoreward 
and  which  has  not  been  otherwise  applied  or  returned  seaward  across  the 
surf  zone.  Specifically,  it  is  hypothesized  that  water  particles 
entering  the  swash  zone  include  a  longshore  component  of  velocity  due  to 
incomplete  refraction  of  the  translatory  broken  wave,  u  sina  ,  as  well 
as  longshore  current  which  exists  and/or  is  convected  towards  the  shore- 
line, V£g.  (The  subscript  s  refers  to  quantities  at  the  shoreline.) 
The  water  particles  therefore  swash  up  and  along  the  beachface  with 
angle  agw  to  the  shore-normal  as  illustrated  in  Figure  8-12  and  where 


V„ 

r  £s  ■> 

a       =  arctanf    tana     +  J  (8.42) 

sw         v     s   u  cosa  J 


Since  it  is  typically  observed  in  the  laboratory  and  in  nature  that  the 
backrush  returns  down  the  beach  with  an  angle  less  than  a  to  the 
shore-normal,  longshore  stress  must  be  exerted  upon  the  bed  during  the 
swash. 

The  contention  that  the  near-shoreline  longshore  current  is  carried 
into  the  swash  is  supported  by  two  sets  of  evidence.  First,  Lagrangian 
measurements  in  the  laboratory  experiments  of  this  study  indicate  that 
the  longshore  current  is  continuous  across  the  shoreline  and  is  fairly 
uniform  over  at  least  the  seaward  half  of  the  swash  (for  the  uprush, 
anyways).  Second,  measurements  made  by  this  author  near  Virginia  Beach, 
Virginia,  in  1981  (unpublished)  substantiate  Eq.  (8.42).  In  the 
Virginia  Beach  study,  the  uprush  angle  of  the  swash,  agw,   and  the  angle 
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Figure  8-12:  The  uprush  angle  agw  for  water  particles  entering  the 
swash  zone  with  velocity  us  associated  with  a  bore  arriv- 
ing at  the  shoreline  with  angle  ag   in  the  presence  of  a 

near-shoreline  longshore  current  V.  . 

Is 


which  the  bore  made  with  the  shoreline  just  before  breaking,  a  ,  were 
visually  estimated  with  the  aid  of  a  compass  and  an  array  of  stakes  and 
tethered  floating  balls  positioned  across  the  beachface.  The  longshore 
current  several  meters  from  the  shoreline  was  estimated  by  the  along- 
shore rate  of  movement  of  a  slightly  buoyant  sphere.  The  height  of  the 
bore  at  the  shoreline,  Hbg,  was  estimated  using  a  meter  stick  just  sea- 
ward of  the  shorebreak.   With  the  assumption  that  the  velocity  of  the 

bore  at  the  shoreline  can  be  approximated  by  u   =  /gH   ,  the  uprush 

s      bs 

angle  of  the  swash,  agw,  was  calculated  from  Eq.  (8.42)  for  each  set  of 
measurements  and  was  then  compared  to  the  measured  angle.   The  results 
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from  five  data  sets,  collected  over  a  large  range  of  wave  conditions  and 
foreshore  slopes,  are  listed  in  Table  8-1.  On  average,  the  agreement 
between  the  measured  and  calculated  uprush  swash  angles  is  fairly- 
good.  At  the  least,  the  data  clearly  indicates  that  the  uprush  angle  of 
the  swash  is  greater  than  the  angle  which  the  arriving  bore  makes  with 
the  shoreline.  This  indicates  that  some  or  all  of  the  near-shoreline 
longshore  current  must  be  convected  and/or  advected  into  the  swash  zone 
during  the  uprush.   Due  to  the  extreme  turbulence  of  the  shore  break  and 


Table  8-1:   Comparison  of  Swash  Uprush  Angle 

and  Angle  of  Bore  at  the  Shoreline. 

(From  field  data  of  Bodge,  unpublished). 


bs 

a  -  bore 

V£s 

asw 

-  measured 

asw 

-  Eq.(8.42) 

0.27  m 

15° 

0.20 

m/s 

27° 

21.6° 

0.13  m 

17° 

0.60 

m/s 

32° 

41.0° 

0.20  m 

"  5° 

0.35 

m/s 

12° 

18.7° 

0.25  m 

10° 

0.33 

m/s 

18° 

21.3° 

0.41  m 

5° 

0.28 

m/s 

13° 

12.8° 

the  relatively  thin  layer  of  the  swash,  it  is  reasonable  to  assume  that 
the  longshore  current  is  fairly  depth-uniform  throughout  the  swash. 
Hence,  longshore  stress  is  immediately  and  effectively  applied  to  the 
bed  during  the  swash. 

In  summary  of  this  discussion,  it  appears  that  longshore  transport 
near  and  above  the  shoreline  may  be  particularly  significant  because  of 
shoreward  convection  of  the  longshore  current  by  the  onshore  component 
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of  the  waves'  mass  transport.  This  longshore  current  is  more 
effectively  diffused  to  the  bed  for  shallower  depths  and  steeper  bed 
slopes.  Some  or  all  of  the  near-shoreline  longshore  current  is  carried 
into  the  swash  zone  during  the  uprush  and  represents  a  very  effective 
longshore  shearing  and/or  transporting  agent  because  of  the  turbulence 
and  shallow  depths  associated  with  the  shorebreak  and  swash. 

8.12.4   Net  Longshore  Bottom  Stress  Induced  by  Non-Linear  Wave  Orbital 
Motion  " 

A  brief  investigation  was  initiated  to  determine  the  relative 
contribution  to  the  net  longshore  stress  in  the  surf  zone  of  both 
longshore  currents  and  non-linear  wave  orbital  motion.  Longshore 
sediment  transport  is  doubtlessly  related  to  either  or  both  components 
of  the  longshore  stress,  but  perhaps  not  equally  so. 

The  total  longshore  component  of  momentum  flux  which  can  be 

transferred  to  the  surf  zone  bed  is  the  total  amount  which  enters  the 

surf  zone  at  the  breakpoint,  (sxy)b«   The  average  longshore  shear  stress 

across  the  surf  zone  width  W  is  therefore  (Sxy)b/W.   Recognizing  that 

the  average  bottom  longshore  shear  stress  is  composed  of  both  the  mean 

longshore  current  contribution  t     and  the  net  non-linear  orbital 

I 

motion  contribution  T  ,  one  may  write 

(S   ) 

Xy  b     — 

W        V£     U 

Equation  (8.43)  implies  that  an  increase  in  the  net  non-linear  wave 
orbital  contribution  to  the  bottom  shear  stress  must  be  accompanied  by  a 
decrease  in  the  longshore  current  (or  at  least  a  decrease  in  the  bottom 
shear  stress  due  to  longshore  current). 
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The  relative  contribution  of  the  average  net  longshore  bottom  shear 
stress  due  to  non-linear  wave  orbital  motion  to  the  total  average  bottom 
shear  stress  is  given  by 

T 

[s    J  7w  <8-44) 


xy 


b 


This  ratio  is  liberally  estimated  if  the  maximum  value  of  T   is  taken 
u 

(i.e.,  at  the  breakpoint)  where 


(Tu)b  =  (P  cf  T^R  s±ncx)h  (8.45) 

where  u  is  the  bottom  non-linear  wave  orbital  velocity,  Cf  is  a  bed 
friction  coefficient,  and  the  over-bar  denotes  time-averaging.  Assuming 
shallow  water  conditions,  small  angle  of  wave  incidence,  a  beach  profile 
of  the  shape  h=Ax  '3  such  that  W=(hb/A)3/2  and  that  the  breaking  wave 
height  is  related  to  the  breaking  depth  by  K=Hb/h,,  the  ratio  of  Eq. 
(8.44)  is  re-written 

\        8  Cf(  TuTu  ) 

"[S   O?  "  7    2  .3/2.  1/2  (8.46) 

^  xy'b     ip  g  K  A   h   ' 
b 

where  i|)  is  a  factor  relating  the  non-linear  quantity  (S  ),  to  the 
linear  theory  estimate  of  (sxy)b-  For  stream  function  theory,  from 
Figure  8-11,  iji  is  typically  between  0.2  and  1.0  in  value. 

Eq.  (8.46)  may  be  evaluated  for  stream  function  theory  by  multiply- 

2  2         2 
ing  through  by  C./C,  ,  where  C,  =  gh,  , 
b  b        b     b 


ro^f _     i  K2  A3/2  <8-"> 
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The  expression  (u/C)^  may  be  re-written 

f— 1 
rm     ruT^     *-H/T;b     rh  > 

Wb  =  k-\  =  ilttx  k  k-\  (8-48> 

o  b     o 

where  the  stream  function  values  of  u/(H/T)  and  L/L  at  breaking  are 
given  for  selected  values  of  h/LQ  in  Dean  (1974).  Therein,  the  breaking 
condition  is  defined  for  k=0.78  ("case  D").  For  (h/L  ).  =  0.002  to  0.1, 


§  ]b  -  0.005  (8.49) 


where  near-bottom  non-linear  wave  orbital  velocities  are  implied.   Sub- 
stitution of  Eq.  (8.49)  into  Eq.  (8.47)  yields 


ub      0.066  C  /h 

IS   J. /W  =   7  A3/2  (8'5°) 

*•  xy'b       ij;  A 


Equation  (8.50)  suggests  that  the  longshore  stress  contribution  of  the 
net  non-linear  bottom  orbital  velocities  increases  for  larger, 
increasingly  shallow-water  waves  and  for  more  gently  sloping  beaches 

(i.e.,  smaller  profile  parameter  A).   As  an  example,  if  iji=0.3,   A=0.2 

1/3 
m   ,  hb=2  m,  and  Cf=0.02,  Eq.  (8.50)  suggests  that  the  net  non-linear 

bottom  orbital  velocities  at  the  breakpoint  represent  less  than  7%  of 

the  total  average  longshore  stress. 

In  general,   it   appears   that   the  net  non-linear  wave  orbital 

velocity  contribution  to  the  average  longshore  stress  is  typically  small 

compared  to  the  longshore  current  contribution.   Accordingly,  further 

investigation  of  the  longshore  sediment  transport  relationship  to  the 

fluctuating  non-linear  wave  motion  induced  stress  was  not  pursued. 


CHAPTER  9 

LONGSHORE  CURRENT  AND  SEDIMENT 

TRANSPORT  ACROSS  A  SET-UP 
NON-SINGULAR  CONCAVE-UP  BEACH 


9.1  Introduction 
In  this  chapter,  the  wave  induced  set-up,  longshore  current,  and 
longshore  transport  are  considered  for  a  concave-up  equilibrium  beach 
profile.  For  most  existing  expressions  of  the  equilibrium  beach 
profile,  the  beach  slope  at  the  shoreline  is  described  as  infinite.  In 
many  applications  this  leads  to  singularities  at  the  shoreline.  For  the 
present  study,  a  "non-singular  concave-up  equilibrium  beach  profile"  is 
proposed  which  includes  a  planar  foreshore  of  finite  slope  which  is 
matched  to  the  concave-up  portion  of  the  profile  just  below  the  mean 
water  level.  For  brevity,  the  profile  is  termed  a  "non-singular 
equilibrium  profile." 

9.2   Non-Singular  Equilibrium  Profile 
Bruun  (1954)  and  Dean  (1977)  have  suggested  that  equilibrium  beach 
profiles  are  described  by  the  form 


2/3 
h  =  A  x  (9.1) 
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as  previously  presented  in  Eq.  (6.1),  where  Moore  (1980)  has  shown  that 
the  dimensional  parameter  A.  is  related  to  sediment  size.  A  disadvantage 
of  Eq.  (9.1)  is  that  the  beach  slope  is  infinite  at  the  shoreline. 
Inspection  of  most  natural  and  laboratory  equilibrium  profiles  indicates 
that  this  is  unrealistic.  Instead,  most  profiles  are  characterized  by  a 
relatively  planar  beachface  which  extends  from  the  berm  to  just  below 
the  mean  low  water  level.  Accordingly,  a  concave-up  equilibrium  beach 
profile  is  herein  proposed  which  is  not  infinitely-sloped   (i.e., 

singular)  at  the  shoreline.   The  profile  is  characterized  by  a  planar 

2/3 
foreshore  and  an  Ax  '  -type  profile  seaward  of  the  foreshore;  namely, 

mf  x  x<x 

h  -<  2/3  m  (9-2) 

A(x-A)Z/J         x>x 
m 

as  illustrated  in  Figure  9-1.  The  foreshore  slope  is  characterized  by 
mf,  and  xm  is  the  distance  from  the  shoreline  to  the  "match  point"  where 
the  planar  foreshore  and  the  concave-up,  (Ax  '  -type),  beach  profile 
intersect.  Requiring  that  both  the  depth  and  the  bed  slope  be 
continuous  at  the  match  point, 

A  A3 
Xm=^3  (9.3) 

9  mf 

such  that  the  shoreline  "offset"  of  the  concave-up  portion  of  the 
profile  must  be 


A  =  3*  (9.4) 
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Figure  9-1:   The  "non-singular  concave-up  equilibrium  beach  profile.' 


In  Figure  9-2,  the  average  measured  beach  profiles  from  three  of 
the  laboratory  test  series  are  compared  to  non-singular  equilibrium 
profiles.  The  latter  were  calculated  using  the  average  measured  fore- 
shore slope  mf  and  the  "design"  value  of  the  profile  parameter  A  for  the 
laboratory  beach  (described  in  Chapter  6).  The  three  examples  shown  in 
Figure  9-2  are  representative  of  all  of  the  laboratory  test  series.  It 
is  seen  that  the  non-singular  equilibrium  profiles  are  a  reasonable 
representation  of  the  average  measured  profiles.  The  slightly  low 
elevations  of  the  calculated  non-singular  equilibrium  profiles  (relative 
to  the  measured  profiles)  are  due  to  the  use  of  the  "design"  value  of 
A.  During  the  laboratory  beach  equilibration  executed  before  each 
impoundment  test,  the  nearshore  portion  of  the  beach  profiles  rotated 
about  the  shoreline  slightly  such  that  the  profiles  became  more  gently- 
sloped.   Therefore,   the  value  of   the  profile  parameter  A  for  the 
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Figure  9-2:  Comparison  of  average  beach  profiles  from  three  of  the 
laboratory  test  series  with  a  non-singular  equilibrium 
profile. 


284 
equilibrated  beach  became  slightly  smaller  than  the  "design"  value. 
(This  was  not  completely  surprising  since  the  "design"  value  for  A  was 
slightly  larger  than  the  value  suggested  for  the  sediment  size  used  in 
the  laboratory  model.) 

9.3  Wave  Induced  Set-Up  and  Set-Down 
The  general  expression  for  wave  induced  set-up  and  set-down,  "n7, 
assuming  constant  proportion  between  local  wave  height  and  total  water 
depth,  H  =  <d,  was  previously  presented  in  Eq.  (8.5).   Evaluating  this 
expression  for  the  non-singular  equilibrium  profile,  Eq.  (9.2),  yields 


mfX  ^       9/T 


-H2k 


8  sinh  2kh  x>xb 

where  k  is  the  wavenumber,  and 


3  K 

U  =  Z 2  (9-6) 

8  +  3k 


In  Eq.  (9.5),  as  well  as  in  all  expressions  which  follow,  the  concave-up 
profile  offset  A  is  assumed  to  be  small  relative  to  the  breaking 
distance  x,  such  that 

xb  "  (hb/A)  (9.7) 
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This  leads  to  slight  discontinuities  at  the  breakpoint  xb  which  become 

increasingly  significant  as  the  profile  match  point  x   approaches  x.. 

(For  the  laboratory  data  of  this  study,  xm  <  0.3xb  for  all  cases.)   In 

Eq.   (9.5),   the  location  xQ  is  the  landward  limit  of  set-up  for 

which  V  =  -mrx  ,   i.e., 
f  o 

xo  ■  [  u-lj  „f  <9-8) 

The   total   water   depth,  d  =  h+n',   across   the   non-singular 
equilibrium  profile  is  given  by 


2 
(u_  TeK   +  ^H*         *0<X<Xm 

2 
d  =  \    ^"T6^hb  +  (1'u)A(x-A)2/3      x  <x<x  (9.9) 


(  Kt       an2/3        H2]^ 
V  A(x-A)    - 


8  sinh  2kh         xb<x 


McDougal  and  Hudspeth  (1981)  found  that  the  best  least-squares  fit  to 
the  total  water  depth  d  across  a  beach  profile  completely  characterized 
by  h=Ax2/3  is: 


1/2 
d  =  AB  x  (9.10) 


where  B/xb1'6  =  0.949  for  0<x<xb.   In  Figure  9-3  the  calculated  total 

2/3 
water  depth  profile  for  the  complete  Ax  '  -type  beach  is  compared  to  the 

approximation,  Eq.  (9.10).   The  fit  is  generally  good  for  x/xb  >  0.15, 

but  deteriorates  towards  the  shoreline  as  one  might  expect  since  d  is 
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non-zero  at  x=0  in  reality — whereas  d  tends  to  zero  at  x=0  in  the 
approximation,  Eq.  (9.10). 


X/Xl 


Figure  9-3:   The  calculated  total  water  depth  across  the  surf  zone  for 

2/3 
an  h=Ax   -type  beach  profile  compared  with  the  approxima- 

1/2 
tion  d-ABx  '  .  (Adapted  from  McDougal  and  Hudspeth,  1981). 


If  Eq.  (9.10)  is  taken  as  the  approximate  total  water  depth  over 
the  concave-up  portion  of  the  non-singular  equilibrium  profile,  and  the 
"actual"  predicted  total  water  depth  is  taken  over  the  planar  foreshore 
portion  (Eq.  (9.9)  for  xQ<x<xm),  then  the  poor  fit  of  Eq.  (9.10)  near 

the  shoreline  becomes  irrelevant.   That  is,  for  most  cases,  the  region 

1  /  ? 
of  poor  fit  for  the  approximation  d=ABx  '   is  located  over  the  planar 

foreshore  section  of  the  non-singular  equilibrium  profile — for  which  the 
"actual"  predicted  total  water  depth  can  be  used  in  lieu  of  the  approxi- 
mation. Therefore,  the  total  water  depth  across  the  non-singular 
equilibrium  profile  is  well  approximated  by 
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m-(l-u)  (x-x  ) 
t  o 


X  <x<x 

o    m 


d  =  <  AB(x-A) 


1/2 


x  <x<xu  (9.11) 

m    b 


A(x-A) 


2/3      HTc 


8  sinh  2kh 


Xb 


<x 


where  B  and  A  are  determined  so  as  to  ensure  continuous  total  water 
depth  and  mean  surface  slope  at  the  profile  match  point  x  ;  that  is, 


/2 


B  =  — 7-  (1-u)  m,  /x  -x 
A         f   m  o 


(9.12a) 


A  =  T  (x  +x  ) 
l        mo 


(9.12b) 


A  similar  matching  constraint  is  not  imposed  at  the  breakpoint;  however, 
the  consequent  discontinuity  in  the  total  water  depth  at  this  point  is 
typically  small  for  most  cases  of  practical  interest. 


9.4  Longshore  Current 
Longuet-Higgins  (1970)  and  McDougal  and  Hudspeth  (1981),  respec- 
tively, presented  solutions  for  the  wave  induced  longshore  current  over 
planar  beach  profiles  and  concave-up  (d=ABxly^2)  beach  profiles.  Both 
solutions  assume  shallow  water  wave  conditions  within  the  surf  zone, 
small  angle  of  wave  incidence,  straight  and  parallel  depth  contours,  a 
linear  expression  for  the  bottom  shear  stress,  constant  proportion 
between  local  wave  height  and  total  water  depth,  H=Kd,  and  include 
lateral  mixing  where  the  eddy  viscosity  is  assumed  to  be  proportional  to 
a  characteristic  velocity  and  a  turbulent  mixing  length.   Following  the 
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non-dimensional  presentations  of  these  authors,  all  quantities  of  length 
are   non-dimensionalized   by   the   breaker   distance,   xb,   while   all 
quantities  of  velocity  are  non-dimensionalized  by  the  no-mixing  planar 
beach  velocity  at  the  breaker  line,  V  .   From  Longuet-Higgins  (1970), 


„        _   5     Trie 

V„,    =  -?-, d   s   /gd 


Jib        16  c, 


,       sina, 
b  b 


(9.13) 


where  s  is  the  planar  beach  slope  including  set-up. 

Making  direct  use  of  the  Longuet-Higgins  and  McDougal  and  Hudspeth 
solutions  for  the  planar  foreshore  and  concave-up  portions  of  the 
profile,  respectively,  the  longshore  current  across  the  non-singular 
equilibrium  profile  (including  set-up)  is  given  by 


Pl 
(x'-x')   +  A.  (x'-x') 


S  rT  cosh[y(x'-A')1/4]  _  sinhfy(x-A')1/411  ^  1 
Y2       (x'-A')1/2     "    (x'-A.)3^    ]    2 


c  r   1     +     l 
2  L    *   1/2       *  V4- 
(x'-A')i/Z   Y(x'-A')J/4 


-Y(x'-A')1/4 


x'<x'<x' 
o     m 


x'<x'<l 
m 

(9.14) 
x'M 


where  the  prime  notation  denotes  non-dimensional  terms,  such  as  x*=x/xh 
and  V£  =  V£/V£b,  and  where 


~3  j.   f9      ^   l-il/2 

pi  =  T  +  (16  +  p) 


-I 


(9.15) 


\  -  4  ^+3+ !) * 


h    _-Y 
V 


(9.16) 


10  o 

C     =  y   [(l+  —  )sinh  y  coshy] 


2        2 


(9.17) 
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and 

*  =  4/^  (9.18) 

The  term  P  is  the  familiar  longshore  current  mixing  parameter  from 
Longuet-Higgins  (1970), 

P  "  cp"  (9-19) 

except  that  the  slope  s  includes  the  effect  of  set-up  as  described 
earlier.  For  the  planar  foreshore  (for  which  Longuet-Higgins'  solution 
was  utilized), 

s  =  (l-u)mf  (9.20) 

A  separate  expression  of  the  mixing  parameter,  P2,  comes  about  because 
the  planar  (set-up)  slope  s,  above,  is  replaced  by  AB  for  the  ABx1/2 
portion  of  the  profile.  Accordingly,  from  Eqs.  (9.3),  (9.8),  (9.12a), 
(9.19),  and  (9.20), 


P2  =  /2(xm  "  Xo>  P  (9-21) 

The  constants  C1  and  C2  were  presented  by  McDougal  and  Hudspeth 
such  that  the  longshore  current  is  continuous  across  the  breakpoint 
(x'=l).  However,  because  of  the  x-axis  offsets  A  and  A  for  the  concave- 
up  portion  of  the  non-singular  equilibrium  beach,  a  discontinuity  in  the 
longshore  current  exists  at  the  breakpoint  for  Eqs.  (9.14),  (9.16),  and 
(9.17),  as  written.    As  mentioned  previously,  this  discontinuity  is 

typically  small,  but  becomes  more  apparent  as  the  match  point  x 

m 

approaches  xv. 
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The  constants  B1  and  A1  are  evaluated  by  requiring  that  the 
magnitude  and  gradient  of  the  longshore  current  be  continuous  across  the 
profile  match  point,  xm«   From  Eq.  (9.14), 

Y.  -  Y  (x'  -  x') 
h=~f f  m    °  (9.22a) 

(i-Pl)  (x;  "  x^)Pl 


A 


1  "  Y2  "  PlBl  K  -   XQ)  Pl_1  <9'22b> 


where 


C   y  cosh(y(x'-A')1/4)   sinh^Cx'-A'  )1/4) 
£_  r m _   v   m       J 

2  "1/2      ~        * 

Y       (x'-A')1/Z  (x'-A')' 


vir         m  m        , 

Yl=~2[ ^~T72 "^-Tn J  (9-23) 


Cj   3+Y2(X;-A')1/2sinh(Y(x;-A)1/4)    3y  cosh(Y(x;-A' )1/4) 

Y2  =  ~~2  '  s  774  s — 77? 1 

Y  4  (x'-A')  7  4  (x'-A')3/2 

m  m 

(9.24) 
The  solution  for  ^  and  B1  as  given  above  is  tedious;  however,  the 
solutions  can  be  parameterized  in  terms  of  xm/xb  for  various  values  of 
the  mixing  parameter,  P.   Specifically,  from  Eqs.  (9.3)  and  (9.7), 


Xm     4A9/2        A9/2 

x7=  I   3  .3/2   ~  "3—372   =   E  <9'25> 

b   9  mc   h,       m,.  h, 
r   b        f   b 

where  II  is  a  similarity  parameter.  In  Figure  9-4,  computed  values  of 
the  constants  A^  and  Bj^  are  presented  graphically  as  a  function  of  the 
term  II,  defined  above,  and  for  selected  values  of  the  mixing  parameter 
P.  Note  that  the  longshore  current  equations  were  not  developed  for  the 
special  case  of  P  =  0.4.   For  the  case  of  no  lateral  mixing,  P  =  0, 

V£  =  0.5   for   x^  <  x'  <  1,    and  decreases   linearly   to  zero  from 

x'  to  x' . 
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Figure  9-4:  Coefficients  A,  and  Bj  of  the  longshore  current  expression 
for  the  planar  foreshore  portion  of  the  non-singular  equi- 
librium beach  profile.  Numbers  on  curves  represent  values 
of  the  mixing  parameter  P;  (a)  0.1<P<0.4,  and  (b)  0.4<P<1, 
(next  page). 
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Figure  9-4:   Continued  from  previous  page. 


It  is  also  noted  that  the  results  for  the  non-singular  equilibrium 

profile  described  here  are  not  valid  if  the  profile  match  point  x   is 

m 

seaward  of  the  breakpoint  xb;  that  is,  if  xra  >  x,.   From  Eq.  (9.25),  for 

the  requirement  x  /x,  <  1, 
m  d    ' 
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n  <  2.25  (9.26) 

Physically,  Eq.  (9.26)  is  a  condensed  expression  of  the  requirement  that 
the  planar  foreshore  and  the  concave-up  portions  of  the  profile  must 
intersect  shoreward  of  the  breakpoint.  Obviously,  if  the  intersection 
is  seaward  of  the  breakpoint,  the  entire  surf  zone  may  be  modelled  as 
for  a  planar  beach.  For  the  quasi-equilibrated  profiles  of  this  study's 
laboratory  tests,  0.06  <  xm/xb  <  0.28  and  0.08  <  II  <  0.77. 

9.5  Comparison  of  the  Predicted  Longshore  Current 
with  Laboratory  Observations 

The  model  for  the  (normalized)  longshore  current  across  a  non- 
singular  equilibrium  profile,  Eq.  (9.14),  was  evaluated  for  the  proto- 
type scale  conditions  of  each  of  the  laboratory  test  series.  Specifi- 
cally, the  characteristic  foreshore  slope  mf  and  breaking  depth  h,  were 
taken  from  the  data  of  each  laboratory  test  series,  and  the  profile 
parameter  A  was  taken  as  the  prototype-scale  "design"  beach  profile 
value.  The  wave  height  to  total  water  depth  ratio  k  was  taken  as  0.8. 
These  four  parameters,  as  well  as  an  estimate  of  the  mixing  parameter, 
P,  are  all  that  are  necessary  for  evaluation  of  the  normalized  longshore 
current  model.  It  is  noted  that  for  the  plunging/spilling  test,  the 
average  breaking  depth  was  taken  between  the  inner  and  outer  breakpoint 
locations. 

In  Figure  9-5,  the  normalized  longshore  current  profiles  calculated 
by  Eq.  (9.14)  are  compared  to  the  normalized  measured  profiles  from  the 
laboratory  tests  (estimated  from  Lagrangian  dye  tracking).  The  measured 
longshore  current  profiles  were  scaled  to  the  prototype  and  normalized 
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by  V£b  for  the  conditions  of  each  test  series.  Specifically,  the  slope 
s  in  V£b  ^Eq*  ^9'13))  was  taken  as  db/xb,  and  the  friction  coefficient 
Cf  was  selected  such  that  the  maximum  surf  zone  value  of  the  normalized 
longshore  current  was  equal  to  0.5  for  each  test  (i.e.,  the  no  lateral- 
mixing  value).  For  this  approach,  the  prototype  scale  values  of  Cf  were 
found  to  be  fairly  reasonable;  that  is,  0.05  <  Cf  <  0.15.  The  ratios 
s/Cf  and  mf/Cf  were  found  to  vary  over  a  range  of  0.6  to  2  and  0.8  to 
3.3,  respectively. 

From  inspection  of  Figure  9-5,  it  is  evident  that  the  calculated 
longshore  current  profiles  are  fairly  good  representations  of  the 
observed  laboratory  profiles  for  a  mixing  parameter  P=  0.05  to  0.1. 
However,  two  major  differences  are  evident  between  the  observed  and 
calculated  longshore  current  profiles.  First,  the  observed  laboratory 
profiles  are  shifted  shoreward  by  about  0.2xb  relative  to  the  calculated 
profiles.  Second,  the  observed  longshore  current  is  relatively  uniform 
across  the  shoreline  and  at  least  the  lower  swash  zone,  whereas  the 
calculated  longshore  current  decreases  sharply  to  zero  from  the  profile 
match  point  to  the  shoreward  limit  of  set-up.  These  two  features, 
respectively,  may  be  indicative  of  (i)  onshore  movement  of  the  longshore 
current  by  mass  transport,  and  (ii)  convection  and/or  advection  of  the 
near-shoreline  longshore  current  into  the  swash  zone  by  uprushing  water 
particles.  Each  of  these  ideas  has  been  discussed  previously  in  Section 
8.12.3.  Additionally,  the  shoreward-shift  of  the  observed  longshore 
current  profile  may  be  associated  with  a  lag  in  the  initiation  of  the 
longshore  current.  Bowen,  Inman,  and  Simmons  (1968)  and  Battjes  (1972) 
among  others,  have  each  reported  a  similar  lag  in  the  initiation  of  set- 
up^  Svendsen  (1984)  and  Battjes  and  Stive  (1985)   suggest  that  this  is 
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Figure  9-5:  Normalized  (Lagrangian)  measured  longshore  current  across 
the  surf  zone  from  the  laboratory  test  series  (bold) 
compared  to  the  calculated  longshore  current  for  a  non- 
singular  equilibrium  beach  profile  for  various  values  of 
the  mixing  parameter  P  (light). 
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because  energy  originally  represented  by  the  initial  breaking  wave 
height  is  converted  to  organized  and/or  turbulent  kinetic  energy  through 
the  water  column — and  is  not  all  immediately  dissipated.  Since  both 
longshore  current  and  set-up  are  associated  with  radiation  stress,  it 
may  not  be  unexpected  that  the  longshore  current  should  show  an 
initiation  lag  which  is  similar  to  that  of  set-up. 

The  absence  of  longshore  current  seaward  of  the  breakpoint  and  the 
related  low  value  of  the  mixing  parameter  observed  for  the  laboratory 
data  may  also  be  partly  due  to  the  finite  longshore  end  conditions  of 
the  laboratory  beach.  The  longshore  current  measurements  from  the  field 
experiments  contain  considerable  scatter  and  are  somewhat  incomplete 
across  the  beach;  however,  they  suggest  greater  lateral  mixing  than 
found  for  the  laboratory  data.  Figure  9-6  illustrates  the  normalized 
longshore  current  measured  during  the  two  "best"  field  impoundment 
intervals  compared  to  the  calculated  longshore  current  for  non-singular 
equilibrium  beach  profiles  fit  to  the  average  field  beach  profiles. 
Overall  agreement  between  the  measured  and  calculated  longshore  current 
profiles  is  fair  to  poor.  However,  it  is  recalled  that  the  quality  of 
the  measured  longshore  current  distributions  developed  from  the  field 
data  is  questionable. 

In  light  of  the  laboratory-observed  longshore  current  features 
described  above,  it  may  be  appropriate  to  shift  the  calculated  longshore 
current  profiles  (predicted  by  Eq.  (9.14))  shoreward  by  about  x'=0.2. 
Additionally,  the  longshore  current  within  the  swash  zone  may  be  better 
described,  for  now,  as  uniform  and  equal  in  value  to  the  shoreward- 
shifted  longshore  current  predicted  at  the  shoreline.  With  these 
empirically-based  modifications,   the   "adjusted"  normalized  longshore 
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Figure  9-6:  Normalized  (Eulerian)  measured  longshore  current  across  the 
surf  zone  from  the  two  "best"  field  impoundment  experiments 
(bold)  compared  to  the  calculated  longshore  current  for  a 
non-singular  equilibrium  beach  profile  (light).  Numbers 
on  the  curves  represent  values  of  the  mixing  parameter  P. 
The  quality  of  the  measured  longshore  current  data  is 
questionable. 
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current  profile  V£  is  written  in  terms  of  V'  from  Eq.  (9.14)  as 

(  VI  (0)  x'  <x'<0 

VJ(x')  =  \  °  (9.27) 

i   V£  (x*  +  0.2)  0<x' 

In  his  surf  zone  modelling  expressions,  Svendsen  (1984)  uses  a  somewhat 
similar  approach  by  "delaying"  calculation  of  the  set-up  and  wave  decay 
within  the  surf  zone  to  a  location  just  landward  of  the  breakpoint. 

9.6  Swash  on  a  Planar  Beachface 
The  results  of  the  present  and  some  previous  investigations 
indicate  that  the  swash  zone  is  of  potentially  great  significance  to  the 
total  and  distributed  longshore  sediment  transport.  Therefore,  a 
reasonable  three-dimensional  swash  model  is  pertinent  to  the  considera- 
tion of  longshore  transport.  Expressions  or  characteristic  solutions  of 
the  cross-shore,  two-dimensional  swash  motion  have  been  presented  by 
Keller,  Levine,  and  Whitman  (1960),  Shen  and  Meyer  (1963),  Freeman  and 
LeMehaute  (1964),  Meyer  and  Taylor  (1972),  Waddell  (1973),  Kemp  and 
Plinston  (1974),  Wang  and  Yang  (1980),  and  Mizuguchi  (1984),  among 
others.  The  former  four  models  are  non-linear  and  are  typically  evalu- 
ated numerically.  The  latter  four  are  analytic  but  do  not  directly 
address  the  effect  of  the  sloping  swash  surface  nor  the  singularities 
associated  with  the  shorebreak  of  the  bore  (see  Meyer  and  Taylor, 
1972).  It  is  thought  by  this  author  that  consideration  of  the  free 
surface  slope  of  the  swash  allows  more  realistic  modeling  of  the  fluid 
acceleration  up  the  beachface  after  the  shoreline  collapse  of  the  bore; 
additionally,  it  can  lead  to  run-up  predictions  which  more  closely  match 
available  data.    Regarding  the  latter  point,  models  which  do  not 
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directly  consider  the  slope  of  the  swash  across  the  beachface  typically 
require  unrealistic  "amplification"  of  the  initial  particle  velocities 
(usually  assumed  equal  to  the  incident  bore  speed)  in  order  to  achieve 
measured  run-up  levels  (e.g.,  Waddell,  1973). 

The  equations  of  motion,  and  some  considerations  thereof,  for  swash 
across  and  along  a  planar  beachface  are  presented  in  Appendix  F. 
Analytic  (or  at  least  transcendental)  expressions  for  the  depth-averaged 
velocity  field  and  local  instantaneous  swash  depth  are  potentially 
achievable  from  the  proposed  equations.  However,  to  date,  attempts  by 
this  author  to  properly  describe  all  of  the  terms  and  subsequently  solve 
the  equations  have  not  been  satisfactory.  Therefore,  for  present,  the 
swash  height  and  longshore  velocity  across  the  swash  is  simplistically 
assumed  as  described  in  the  next  section. 

9.7  Longshore  Sediment  Transport 
Alternate  model  #3,  the  preferred  distributed  longshore  transport 
model,  may  be  expressed  as  follows 

from  Eq.  (8.21),  where  shallow  water  conditions  have  been  assumed.  It 
is  convenient  to  normalize  Eq.  (9.28)  by  the  local  longshore  transport 
calculated  at  the  breakpoint,  where  it  is  assumed  that  H,  =  icd,  and  V0 

D        D         X. 

is  the  no-mixing  planar  beach  longshore  current  VJtb,  as  described 
previously  by  Eq.  (9.13).   Normalized  as  such,  Eq.  (9.28)  becomes 
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Assuming  that  the  local  wave  height  is  in  constant  proportion  to 
the  local  total  water  depth  across  the  entire  beach  (consistent  with  the 
development  of  the  set-up  and  longshore  current  expressions),  Eq.  (9.29) 
becomes 


V    =  (L-)W     v,  r  d(d)/dx  ,3/2 

Xl        ldbJ      \    L(d(d)/dx)£  <9'30> 

Of  course,  Eq.  (9.30)  does  not  describe  swash  zone  contributions 
adequately  because  no  transport  is  predicted  landward  of  the  mean  (set- 
up) water  line. 

Equation  (9.30)  was  evaluated  for  the  non-singular  equilibrium 
profile  using  Eqs.  (9.11)  and  (9.14)  as  expressions  of  the  total  water 
depth  and  the  normalized  longshore  current,  respectively.  (Note  that 
Eq.  (9.14)  is  not  the  shoreward-shifted  longshore  current  profile.)  The 
resulting  estimates  of  the  normalized  longshore  transport  distributions 
are  illustrated  in  Figure  9-7  for  (a)  different  values  of  the  mixing 
parameter  P  for  a  given  profile,  and  (b)  different  values  of  the  profile 
similarity  parameter  II  for  a  given  mixing  parameter.  The  transport 
peaks  correspond  to  the  intersection  of  the  planar  foreshore  and 
concave-up  portions  of  the  profiles.  This  is  not  unexpected  since 
immediately  seaward  of  this  intersection  (or  match  point)  the  longshore 
current  and  the  gradient  of  the  total  water  depth  are  maximum.  Landward 
of  the  match  point,  the  gradient  in  the  total  water  depth  is  constant, 
but  the  longshore  current  rapidly  decreases  towards  shore  (all  according 
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Figure  9-7:  Dimensionless  longshore  transport  across  the  surf  zone  for 
a  non-singular  equilibrium  beach  profile  for  (a)  fixed 
profile  similarity  parameter  II  and  various  longshore 
current  mixing  parameters  P,  and  (b)  fixed  P  and  various 
values  of  II.  Evaluated  for  A=0.15  ml/3 
without  inclusion  of  swash. 


>  h,=1.75  m,  and 
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to  the  assumed  expressions  for  the  water  depth  and  current).   Therefore, 
the  maximum  transport  is  expected  about  the  match  point  since  the 
preferred  model  suggests  that  the  local  longshore  transport  increases 
with  the  local  longshore  current  and  gradient  in  total  water  depth. 

The  results  shown  in  Figure  9-7b  are  interesting  because  they 
indicate  that  for  a  milder-sloped  beachface  (all  other  conditions 
equal),  the  peak  transport  shifts  seaward  and  the  total  transport 
decreases.  Since  it  is  recognized  that  the  beachface  often  flattens 
somewhat  during  an  erosive  storm  event,  one  might  expect  that  the 
longshore  transport  maxima  is  shifted  further  seaward  during  a  storm 
event  such  that  near  shoreline  contributions  to  the  total  transport 
become  smaller.  (However,  one  should  not  simultaneously  presume  that 
the  total  transport  for  a  given  energy  level  is  decreased  in  a  storm — 
since  the  simple  evaluation  here  does  not  include  the  effects  of  a 
storm-related  bar  nor  increases  in  turbulence  which  may  mobilize 
additional  sediment  for  transport.) 

The  preferred  distributed  longshore  transport  model  was  also  evalu- 
ated for  a  crude  inclusion  of  the  swash  zone.  For  this  case,  the  local 
wave  height  was  again  assumed  to  be  in  constant  proportion  to  the  local 
water  depth — but  only  over  the  concave-up  portion  of  the  profile.  Over 
the  planar  foreshore,  the  wave  height  was  assumed  to  decrease  linearly 
from  the  value  at  the  match  point  to  zero  at  the  shoreward  limit  of 
runup.   Concisely, 

\    <   d   (x-x  )/(x  -x  J  x  <x<x 

H  =      m     r    m  r  r    m         (9.31) 

i   K  d  x  <x<x, 

m    b 

where  dffl  is  the  total  water  depth  at  the  intersection  of  the  concave-up 
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and  planar  portions  of  the  profile  (i.e.,  the  match  point),  and  x   is 
the  shoreward  limit  of  runup.   (For  illustrative  purposes  only,  x  was 
assumed  to  be  2xQ.)   Incorporating  Eq.  (9.11)  with  Eq.  (9.31),  the  local 
wave  height  across  the  profile  was  expressed 

a  I/O    \X~ X  ) 

f  <   AB  (x -L)l/1               °                x  <x<x 

\  ni        \x     x  )                                    o    m 

■a  -   )  mo 

H  "  <  ^                                     (9.32) 

(  k  AB  (x-A)1/2  x  <x<x 

m    b 

The  longshore  current  profile  was  assumed  to  follow  Eq.  (9.27).  It  is 
recalled  that  this  is  the  shoreward-shifted  expression  which  also 
describes  uniform  longshore  current  across  the  swash  zone  that  is  equal 
in  magnitude  to  the  value  calculated  at  the  shoreline.  The  total  water 
depth  was  assumed  to  follow  Eq.  (9.11)  as  before.  Because  the  local 
wave  height  was  not  assumed  proportional  to  the  local  depth  over  the 
planar  portion  of  the  profile,  the  more  general  form  of  the  preferred 
longshore  transport  model  (Eq.  (9.29))  was  utilized  to  calculate  the 
local  longshore  transport  shoreward  of  the  match  point,  where  the  total 
depth  d  was  replaced  by  d+H  in  order  to  avoid  singularities  above  the 
mean  water  line.  Eq.  (9.30)  was  suitable  for  evaluation  seaward  of  the 
match  point. 

In  Figure  9-8,  the  normalized  longshore  transport  distributions, 
calculated  as  described  above,  are  illustrated  for  the  cases  shown  in 
Figure  9-7.  As  expected,  the  longshore  transport  is  less  near  the 
breakpoint  and  enhanced  above  the  shoreline  relative  to  the  results 
shown  in  Figure  9-7  for  the  case  which  excluded  the  swash  zone.  Although 
the  maximum  longshore  current  occurs  at  or  above  the  shoreline,  the  peak 
transport  is  still  observed  at  the  profile  match  point  primarily  because 
the  gradient  in  wave  height  is  relatively  small  landward  of  the  match 
point. 
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Figure  9-8:  Dimensionless  longshore  transport  across  the  surf  zone  for 
a  non-singular  equilibrium  profile  for:  (a)  fixed  profile 
similarity  parameter  II  and  various  values  of  the  long- 
shore current  mixing  parameter  P,  and  (b)  fixed  P  and  var- 
ious values  of  II .  Evaluated  for  A=0.15  ml/3  ,  h.=1.7  m, 
shoreward-shifted  longshore  current  profile,  and  linear 
decay  of  wave  height  from  the  profile  match  point  to  the 
shoreward  limit  of  runup. 
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For  purposes  of  comparison,  the  normalized  longshore  transport 
distribution  expressed  by  the  preferred  model  for  a  planar  beach  is 
written 


xb 


1/2 


(9.33) 


Eq.  (9.33)  is  graphically  represented  in  Figure  9-9  for  the  Longuet- 
Higgins  (1970)  expression  of  the  longshore  current  across  a  planar  beach 
(neglecting  set-up)   for  various  values   of   the  mixing  parameter  P. 


X  /Xi 


Figure  9-9:  Dimensionless  longshore  transport  across  the  surf  zone  for 
a  planar  beach  assuming  linear  wave  decay  from  the  break- 
point to  the  still  water  line.  Evaluated  for  various  values 
of  the  longshore  current  mixing  parameter  P  (indicated 
for  each  curve). 
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Although  the  Longuet-Higgins  solution  predicts  longshore  current 
seaward  of  the  breakpoint  (for  P*0),   the  preferred  longshore  transport 
model  does  not  predict  longshore  transport  seaward  of  the  breakpoint 
since  it  was  assumed  that  no  wave  energy  dissipation  occurs  seaward  of 
the  break  point. 

Finally,  in  suggesting  the  form  of  the  concave-up  equilibrium  beach 

2/3 
profile  h=Ax   ,  Dean  (1977)  argued  that  the  rate  of  wave  energy 

dissipation  per  unit  surf  volume  is  uniform  across  a  beach  which  is  in 

equilibrium  (assuming  that  the  stability  characteristics  of  the  sediment 

are  uniform  across  shore).   If  this  is  the  case,  then  for  a  beach  in 

equilibrium  the  preferred  distributed  longshore  transport  model,  Eq. 

(8.21),  becomes 


h  -   *3  °*  \  O1'2  <»•'*> 


where  D*  is  the  equilibrium  rate  of  wave  energy  dissipation  per  unit 
voulme  for  a  sediment  of  given  stability  characteristics.  For  H=<h 
across  the  surf  zone,  Dean  showed  that 


n*    5   3/2  2  *3/2 

D*  =  24  Pg    <     A  (9.35) 


where  A  is  the  sediment-related  parameter  in  the  h=Ax2'3  equilibrium 
profile. 


CHAPTER  10 
SUMMARY  AND  CONCLUSIONS 

The  primary  focus  of  this  study  was  an  investigation  of  the  distri- 
bution of  longshore  sediment  transport  across  the  surf  zone  as  deter- 
mined from  the  short-term  impoundment  of  sediment  against  a  shore- 
perpendicular  barrier  in  both  field  and  laboratory  environments. 
Methodologies  were  developed  to  remove  tidal  and  cross-shore  effects 
from  the  impoundment  (survey)  data  of  the  experiments,  and  to  assess  the 
effectiveness  of  the  barriers  as  impoundment  agents.  From  the  experi- 
mental data,  several  generalizations  were  made  concerning  the  relative 
significance  of  the  longshore  transport  in  the  swash,  surf,  and  offshore 
regions  of  the  surf  zone,  as  well  as  the  shape  of  the  longshore  trans- 
port distribution  and  its  relationship  to  surf  and  beach  parameters.  In 
addition,  insight  was  gained  to  the  effect  of  offshore  smearing  of  the 
impoundment  fillet  caused  by  the  presence  of  the  groyne  as  caused 
principally  for  the  longer-term  impoundment  intervals.  Some  observa- 
tions were  also  made  of  the  relationship  (or  lack  thereof)  of  local 
downdrift  beach  profile  changes  relative  to  the  local  updrift  impound- 
ment of  sediment  against  the  groyne.  The  normalized  distributions  of 
the  longshore  transport  developed  from  the  experimental  data  were 
compared  to  several  existing  and  alternate  predictive  models.  A  new, 
simple  engineering  model  was  proposed  which  appears  to  fairly  accurately 
and   consistently   describe   the   normalized   longshore   transport 
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distribution  landward  of  the  wave  breakpoint.  Some  theoretical 
arguments  based  primarily  upon  non-linear  wave  theory  were  advanced  in 
support  of  the  model  and  the  experimental  findings.  The  proposed 
distributed  longshore  transport  model  was  evaluated  for  an  equilibrium 
beach  profile  shape  which  exhibits  a  non-singular  (finite-sloped) 
foreshore.  For  the  evaluation,  expressions  were  developed  for  the  wave 
induced  set-up  and  longshore  current  across  the  profile.  In  general, 
the  experimental  findings  of  this  study  qualitatively  support  the 
observations  and  conclusions  of  previous  investigations  of  the  total 
longshore  transport.  The  experimental  findings  represent  a  significant 
contribution  to  the  existing  data  base  of  the  distribution  of  longshore 
sediment  transport  across  shore,  and  in  general,  support  these  previous 
data.  However,  the  findings  differ  from  the  commonly  held  belief  that 
the  longshore  sediment  transport  is  most  significant  across  the  middle 
and  outer  portions  of  the  surf  zone. 

The  results  of  the  field  work  Indicate  that  the  rapid  deployment  of 
a  groyne  and  the  subsequent  intensive  survey  effort  necessary  for  a 
short-terra  impoundment  study  are  practicable  in  relatively  low-energy 
open-coast  field  environments;  however,  the  field  tasks  demand  consider- 
able effort  and  dedication.  Pyramid-shaped  sand  bag  units  were  found  to 
be  ideal  for  rapid,  effective  groyne  construction.  Each  unit  consists 
of  three  self-closing  sand  bag  tubes  sewn  together  in  a  triad  with  the 
top  bag  overlapping  the  bottom  two  such  that  the  groyne  is  constructed 
in  a  brick-laying  fashion.  In  order  to  minimize  "spurious"  swash- 
related  impoundment  during  groyne  construction,  deployment  of  the  groyne 
should  commence  at  the  berm  at  the  end  of  high  tide,  and  proceed  down 
the  beach  with  the  falling  tide.    The  post-deployment  survey  loops 
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should  be  planned  such  that  the  profiles  nearest  the  groyne  are 
initially  surveyed  just  after  the  wave  breakpoint  moves  landward  of  the 
end  of  the  groyne  on  the  rising  tide,  and  the  final  survey  of  these 
profiles  should  occur  just  before  the  breakpoint  moves  seaward  of  the 
end  of  the  groyne  on  the  subsequent  falling  tide.  For  any  impoundment 
interval,  the  elapsed  time  between  surveys  should  be  relatively  uniform 
for  each  profile.  It  is  recommended  that  profiles  be  spaced  logarith- 
mically updrift  and  away  from  the  groyne  to  a  minimum  distance  of  two 
groyne  lengths  along  the  beach. 

From  the  field  results,  it  appears  that  the  groynes  led  to  very 
"noisy"  impoundment  data  for  depth  contours  blocked  by  the  groyne  for 
less  than  half  the  time  between  profile  survey  loops,  or  for  a  time- 
weighted  effective  barrier  relief  at  a  given  contour  of  less  than  10  to 
20  cm  (or  about  20%  to  30%  of  the  significant  breaking  wave  height). 
However,  there  appears  to  be  a  limit  to  the  desired  maximum  elevation  of 
the  groyne.  From  the  laboratory  experiments,  it  was  found  that  a  low- 
profile  groyne  was  best  suited  for  short-term  sediment  impoundment 
studies.  Specifically,  the  best  trade-off  between  barrier  by-passing 
and  severe  barrier-related  rip  generation  and  wave  reflection  was  found 
with  a  groyne  for  which  the  crest  was  just  at  or  below  the  upper 
envelope  of  the  swash  and  waves  across  the  foreshore  and  inner  surf 
zone,  just  at  or  below  the  mean  water  level  across  the  mid-surf  zone, 
and  about  half  the  local  wave  height  above  the  bed  across  the  outer  surf 
zone.  For  this  study,  the  laboratory  groynes  were  tapered  to  zero- 
relief  at  about  two  to  three  surf  zone  widths  from  the  shoreline. 

For  longer  period  impoundment  intervals,  it  was  found  from  the 
laboratory  data  that  the  groynes,  or  barriers,  smear  the  longshore 
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transport  impoundment  fillet  primarily  towards  the  offshore  direction. 
From  the  data,  it  is  difficult  to  suggest  specific  guidelines  for  the 
appropriate  impoundment  duration  of  an  experiment.  The  smearing  is  a 
result  of  (i)  a  rip  directed  offshore  at  the  groyne  caused  by  diversion 
of  the  longshore  current,  (ii)  local  wave  steepening  at  the  groyne 
caused  by  the  rip,  and  (iii)  the  action  of  local  cross-shore  processes 
at  the  groyne  which  act  to  re-equilibrate  the  beach  profile  immediately 
updrift  of  the  groyne  due  to  the  near-groyne  surplus  of  sand  associated 
with  longshore  impoundment.  The  former  two  processes  are  minimized  for 
lower-profile  groynes.  The  effect  of  the  latter  is  best  minimized 
through  the  execution  of  shorter-term  impoundment  studies.  Onshore 
smearing  of  the  impoundment  fillet  can  occur  due  to  berm-building 
associated  with  the  steeper  slopes  (and  therefore  greater  runup)  and  the 
surplus  of  sand  updrift  of  the  groyne  due  to  longshore  impoundment. 
Onshore  smearing  was  observed  only  for  low  steepness  waves  with  low- 
phase  swash. 

From  both  the  field  and  laboratory  data,  it  was  found  that  local 
profile  changes  immediately  downdrift  of  the  groyne  are  poor  and/or 
inconsistent  indicators  of  local  profile  changes  updrift  of  the  groyne. 
Additionally,  it  was  found  that  the  updrift  extent  of  the  impoundment 
fillet  in  each  experiment  was  about  one  surf  zone  width  updrift  of  the 
groyne. 

Two  techniques  designed  to  remove  the  effect  of  tidal  fluctuations 
from  the  survey  data  were  introduced:  "simple"  and  "matrix"  tidal 
deconvoultion.  The  former  simply  describes  the  depth  at  a  given 
reference  elevation  as  the  tidally-averaged  value  calculated  over  the 
interval  for  which  the  given  elevation  was  wetted.   The  latter  assumes 
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that  the  rate  of  profile  change  is  uniquely  determined  for  each  water 
depth,  such  that  the  measured  profile  change  at  a  given  reference 
elevation  is  determined  by  the  local  rate  of  profile  change  associated 
with  those  depth  contours  which  occupied  the  given  elevation  as  the  tide 
fluctuated  between  profile  surveys.  As  such,  calculation  of  the 
gradient  in  transport  rate,  or  the  so-called  "total  transport  function," 
is  determined  from  a  set  of  linear  equations  which  are  solvable  by 
linear  algebra  using  matrix  manipulation.  It  was  found  that  the  matrix 
technique  is  generally  more  powerful  as  it  distinguishes  the  gradient  of 
the  transport  rate  at  individual  depths,  while  the  simple  technique 
inherently  smooths  profile  change  data  over  depth.  However,  the  matrix 
technique  was  found  to  be  very  sensitive  to  survey  errors  reflected  in 
the  measured  profile  change  data  used  to  develop  the  transport  gradient 
at  each  depth.  To  account  for  this,  the  linear  equations  central  to  the 
technique  were  overconstrained,  solved  by  the  method  of  least-squares, 
and  the  results  were  subsequently  smoothed  over  depth.  The  appropriate 
degree  of  over-constraint  was  found  to  be  a  function  of  the  tidal  excur- 
sion (during  the  interval  between  surveys)  relative  to  the  vertical 
extent  of  reference  elevation  over  which  survey  data  were  available.  A 
laboratory  investigation  did  not  definitely  confirm  the  effectiveness  of 
either  tidal  deconvolution  technique.  Specifically,  a  directional  wave 
event  was  established  in  the  laboratory  basin  and  impoundment  experi- 
ments were  executed  in  both  the  presence  and  absence  of  tidal  fluctua- 
tions. The  longshore  transport  distribution  developed  from  the  data  of 
the  former  tests  (using  tidal  deconvolution)  were  only  generally  similar 
to  the  results  of  the  latter  tests.  This  was  probably  because  the  tidal 
deconvolution  techniques  assume  that  the  local  transport  gradient  is  a 
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function  only  of  depth,  but  the  final  results  of  the  study  indicate  that 
the  local  longshore  transport  rate  is  strongly  related  to  local  bed 
slope  and  depth.  The  field  experiment  site  was  relatively  planar  and  so 
the  effect  of  bed  slope  on  the  results  of  the  tidal  deconvolution  was 
probably  not  as  severe  as  for  the  laboratory  experiments,  for  which  the 
profiles  exhibited  very  non-uniform  local  bed  slope. 

The  presence  of  tide  in  short-term  impoundment  experiments  has 
potentially  beneficial  and  detrimental  effects.  Regarding  the  former, 
effective  execution  of  the  field  experiments  can  be  made  possible 
through  coordination  of  the  groyne  deployment  and  survey  sequence  with 
the  tide.  Additionally,  it  is  possible  that  smearing  is  not  as  severe 
for  experiments  executed  with  tide  because  the  fluctuating  mean  water 
level  distributes  the  longshore  impoundment  more  evenly  across  the  beach 
such  that  groyne-local  cross-shore  processes  (which  are  difficult  to 
identify  from  the  data)  do  not  significantly  smear  the  impoundment  in  an 
attempt  to  "re-equilibrate"  the  near-groyne  beach  profiles.  However, 
the  presence  of  tide  requires  the  use  of  tidal  deconvolution,  the 
effectiveness  of  which  has  not  yet  been  proven. 

Several  techniques  were  introduced  to  identify  the  cross-shore 
transport  contributions  to  the  surveyed  impoundment  data.  These 
techniques  were  based  upon  the  assumption  that  the  profile  change  along 
a  depth  contour  or  offshore  location  consists  of  a  longshore  contribu- 
tion which  is  modeled  by  a  function  which  decreases  exponentially 
updrift  and  away  from  the  groyne,  and  a  cross-shore  contribution  assumed 
to  be  uniform  along  the  contour  or  offshore  location  and  which  is 
modeled  by  a  constant.  The  combined  exponential-plus-constant  function 
is  fit  to  the  profile  change  data  along  a  contour  or  offshore  location 
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in  order  to  identify  the  value  of  the  constant  which  corresponds  to  the 
cross-shore  contribution.  Alternately  (yet  consistent  with  the  above- 
described  approach)  profile  changes  far  updrift  of  the  groyne  are 
assumed  to  represent  solely  cross-shore  transport  signals.  Once 
identified,  the  cross-shore  component  of  the  profile  change  for  each 
depth  contour  or  offshore  location  is  removed  from  the  survey  data  such 
that,  presumably,  only  the  longshore  transport  signal  remains. 

The  most  complete  field  data  set  of  this  study  indicates  that  16% 
to  22%  of  the  total  longshore  transport  occurs  seaward  of  the  break- 
point; the  results  of  each  of  the  laboratory  data  sets  indicate  that  7% 
to  9%  occurs  seaward  of  the  breakpoint.  In  general,  however,  this 
agrees  with  previous  investigations,  for  which  it  has  been  reported  that 
10%  to  30%  of  the  total  longshore  transport  occurs  seaward  of  the 
breakpoint.  The  two  "best"  field  data  sets  of  this  study  indicate  that 
16%  to  25%  of  the  longshore  transport  occurs  in  the  swash  zone.  All  of 
the  field  data  sets  suggest  that,  at  the  least,  longshore  transport  in 
the  swash  zone  is  significant.  Each  of  the  field  experiments  was 
conducted  on  relatively  similar  beach  profiles  and  for  similar  (spilling 
and/or  plunging)  surf  conditions.  The  laboratory  data  sets  similarly 
indicate  that  longshore  transport  In  the  swash  zone  is  significant,  and 
that  the  relative  contribution  of  the  swash  varies  with  the  profile 
and/or  surf  condition.  From  the  laboratory  data,  the  swash  zone 
contribution  comprised  2%  of  the  total  longshore  transport  for  the 
spilling  series,  29%  for  the  spilling/plunging  series,  34%  for  the 
plunging  series,  45%  for  the  plunging/collapsing  series,  and  60%  for  the 
collapsing  series.  It  is  believed  that  the  swash  zone  contribution  for 
the  spilling  case  was  under-estimated. 
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As  is  reflected  by  the  existing  data  and  observations  of  previous 
investigators,  the  longshore  transport  distribution  profile  across  the 
surf  zone  was  found  to  vary  significantly.  From  the  results  of  this 
study,  it  can  be  said  that  the  distribution  is  generally  bimodal  with 
one  peak  just  landward  of  the  breakpoint  (x/xb  =  0.8)  and  the  other  peak 
near  or  at  the  shoreline.  However,  the  significance  of  each  peak 
differs  with  the  profile  and/or  surf  conditions;  that  is,  the  near- 
breakpoint  peak  dominates  for  spilling  conditions,  both  peaks  are  of 
relatively  equal  significance  for  plunging  conditions,  and  the  near- 
shoreline  peak  dominates  for  collapsing  conditions.  (Alternately,  for 
the  latter  case,  it  might  be  said  that  the  two  distribution  peaks  become 
one  and  the  same  since  the  breakpoint  approaches  the  shoreline  for 
collapsing  wave  conditions.) 

Previous  investigators  have  found  that  the  total  longshore  trans- 
port increases  with  increasing  surf  similarity  parameter  (for  a  given 
level  of  longshore  wave  energy  flux  or  radiation  stress),  which  in  turn 
indicates  that  the  total  longshore  transport  increases  as  the  surf  tends 
from  spilling  to  collapsing  conditions.  Since  the  latter  is  character- 
ized by  a  surf  zone  concentrated  near  the  shoreline  and  in  the  swash 
zone,  the  near-shoreline  and  swash  zone  longshore  transport  must  be 
significant  such  that  the  total  longshore  transport  for  these  conditions 
exceeds  that  of  a  non-collapsing  condition.  Hence,  it  is  not  surprising 
that  near-shoreline  and  swash  zone  contributions  to  the  longshore 
transport  were  found  to  be  very  significant. 

It  was  argued  that  the  longshore  transport  is  enhanced  near  the 
shoreline  due  to  onshore  convection  of  the  longshore  current  by  wave 
mass  transport  which  in  turn  leads  to  enhanced  longshore  stress  near  the 
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shoreline.  Additionally,  near-shoreline  longshore  current  appears  to  be 
advected  into  the  swash  zone  by  the  uprush  of  water  particles  from  the 
shore-break  to  the  foreshore.  Both  ideas  were  substantiated  by  observa- 
tion and  limited  data.  The  former  idea  was  presented  through  the  use  of 
non-linear  wave  theory  and  warrants  further  investigation. 

From  non-linear  wave  theory,  it  was  also  found  that  the  contribu- 
tion to  the  longshore  stress  from  non-linear  considerations  of  wave 
orbital  motion  is  not  typically  significant  compared  to  the  contribution 
from  longshore  current.  Additionally,  non-linear  (stream  function) 
evaluation  of  the  longshore  wave  energy  flux  and/or  radiation  stress 
indicates  that  the  total  longshore  transport  should  be  less  than  that 
calculated  by  linear-theory  for  decreasing  values  of  wave  steepness; 
however,  this  disagrees  with  previously  reported  results  from  laboratory 
investigations  of  the  total  longshore  transport. 

The  longshore  transport  distribution  profiles  were  observed  to  be 
correlated  with  the  local  longshore  current,  bed  slope,  and  gradient  of 
the  wave  height,  and  inversely  correlated  with  the  local  water  depth. 
Because  the  field  and  laboratory  beach  profiles  were  fairly  well 
equilibrated  with  the  wave  conditions  before  each  impoundment  interval 
began,  the  existence,  if  any,  of  a  correlation  between  local  longshore 
and  local  cross-shore  processes  was  not  addressed  in  this  study.  The 
approach  of  the  laboratory  portion  of  this  study  was  structured  to 
investigate  the  longshore  transport  distribution  profile  associated  with 
various  surf  conditions.  Accordingly,  the  results  ware  presented  as  a 
function  of  breaker  type,  and  as  described,  the  longshore  transport 
distribution  profiles  were  found  to  differ  for  various  breaker  type  or 
surf  conditions.   However,  it  is  probably  more  appropriate  to  say  that 
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the  longshore  transport  distribution  is  a  function  of  the  beach  profile, 
especially  as  the  local  bed  slope  and  reciprocal  water  depth  were  found 
to  be  particularly  well  correlated  with  the  local  longshore  transport. 
This  agrees  with  the  majority  of  the  existing  data.  It  is  the  beach 
profile,  after  all,  which  partly  determines  the  character  of  the  surf 
zone,  including  the  per-volume  dissipation  of  breaking  wave  energy 
across  shore  and  the  longshore  current  profile.  Of  course,  at  the  same 
time,  it  may  not  necessarily  be  wrong  to  describe  the  longshore  trans- 
port distribution  as  a  function  of  the  surf  condition,  because  the  surf 
condition  plays  a  central  role  in  determining  the  beach  profile  in  the 
first  place.  Additionally,  the  relative  significance  of  the  longshore 
transport  in  the  swash  zone  may  be  said  to  be  reasonably  well  correlated 
with  the  surf  conditions.  Swash  zone  longshore  transport  was  found  to 
be  very  significant  for  collapsing  conditions — for  which  the  swash  is 
low-phase  and  well  organized — while  swash  zone  longshore  transport  was 
found  to  be  small  for  spilling  conditions.  The  swash  associated  with 
spilling  conditions  is  high-phase  and  poorly  organized;  that  is,  the 
swash  is  over-saturated  and  prone  to  run-outs  along  the  beach.  These 
run-outs,  associated  with  the  return  flow  of  the  "excess"  of  water 
pumped  onto  the  foreshore  by  the  high-phase  swash,  interrupt  the  long- 
shore drift  along  the  shoreline  and/or  lead  to  a  disorganized  flow  field 
along  the  foreshore  which  may  not  be  conducive  to  effective  sediment 
transport. 

The  normalized  longshore  transport  distributions  developed  from  the 
best-conditioned  and/or  most  complete  laboratory  and  field  data  sets 
were  compared  against  the  results  of  the  Bagnold  model,  a  generic  form 
of  the  stress  model,  and  5  alternate  models.   The  predictions  of  one  of 
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the  proposed  alternate  models  agrees  fairly  well  and  consistently  with 
the  normalized  distributions  of  longshore  transport  across  shore  found 
from  the  laboratory  data,  and  to  some  extent,  the  field  data.  The  model 
describes  the  local  longshore  sediment  transport  as  a  function  of  the 
local  longshore  current,  bed  slope,  and  dissipation  of  wave  energy  per 
unit  volume.   Specifically,  the  preferred  model  is  of  the  form 


h'h    IT  £E   V  V*  ^  ^-D 


where  k^  is  a  constant  with  dimensions  of  time,  and  where  the  value  of  r 
is  best  described  between  0  and  0.5,  where  r=0.5  is  most  preferred. 
Agreement  between  the  values  of  the  constant  k.3  determined  for  the 
laboratory  experiments  was  reasonably  good  (i.e.,  a  normalized  standard 
deviation  of  about  30%).  The  normalized  longshore  transport 
distribution  profiles  developed  from  the  data  were  well  represented  by 
the  evaluation  of  Eq.  (10.1)  where  the  local  water  depth  h  was  taken  as 
the  sum  of  the  local  wave  height  H  and  the  total  water  depth  d,  where  d 
included  an  estimate  of  the  local  set-up.   That  is, 

h  =  H  +  d  (10.2) 

and  the  local  wave  group  celerity  was  taken  as 


Cg  =  •  g(H+d)  (10.3) 

Evaluation  of  Eq.  (10.1)  using  Eqs.  (10.2)  and  (10.3)  enables  estimation 
of  the  local  longshore  transport  across  the  shoreline  and  the  swash 
zone,  where  the  local  wave  height  H  in  the  swash  zone  is  taken  as  the 
maximimum  instantaneous  local  water  depth  observed  at  each  (local)  point 
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across  the  swash  zone.  The  model  described  by  Eq.  (10.1)  does  not 
predict  transport  seaward  of  the  breaker  line  if  no  wave  energy 
dissipation  is  assumed  seaward  of  the  breakpoint.  Knowledge  of  the 
beach  profile  and  the  wave  height  and  longshore  current  distribution 
across  the  profile  are  required  for  practical  application  of  the  model. 

In  describing  the  longshore  transport  distribution,  many  previous 
investigators  and  practicing  engineers  have  assumed  a  longshore  current 
profile  which  is  based  upon  the  classical  expression  for  a  planar  beach 
given  by  Longuet-Higgins  (1970).  This  model  suggests  maximum  longshore 
current  in  the  seaward  half  of  the  surf  zone  where  the  longshore  current 
decreases  to  zero  at  the  shoreline.  Primarily  because  of  the  common  use 
of  the  planar  beach  expression,  the  maximum  longshore  transport  has  been 
assumed  to  occur  in  the  seaward  half  of  the  surf  zone  while  longshore 
transport  at  the  shoreline  and  in  the  swash  zone  has  been  neglected. 
The  existing  data  and  the  data  from  this  study  suggest  that  neither  of 
these  assumptions  or  beliefs  is  generally  appropriate.  Natural  beaches 
are  infrequently  planar;  accordingly,  expressions  for  the  longshore 
current  (which  include  the  swash  zone)  developed  for  non-planar  beaches 
should  be  used  where  appropriate  to  evaluate  the  longshore  transport 
distribution  across  shore.  An  expression  for  the  longshore  current 
across  a  monotonic  beach  profile  characterized  by  a  planar  foreshore 
matched  to  an  equilibrium  concave-up  profile  shape  was  developed  in  this 
study.  The  longshore  current  expression  matches  the  (Lagrangian) 
measured  longshore  current  distribution  in  the  laboratory  experiments 
fairly  well — except  that  the  measured  distribution  is  displaced  landward 
of  the  predicted  distribution  by  about  x/x,  =  0.2.  Use  of  this 
predictive  longshore  current  expression  suggests  that  the  longshore 
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transport  is  maximum  near  the  shoreline.   However,  the  longshore  trans- 
port evaluation  was  based  upon  a  spilling  breaker  assumption,  and 
features   such  as   bars   and   terraces  were   not   considered  in  the 
evaluation. 

In  closing,  it  is  suggested  that  short-term  impoundment  techniques, 
using  a  low-profile  groyne  which  allows  passage  of  at  least  most  of  the 
wave  envelope  across  the  mid-  and  outer-surf  zone,  is  a  reasonable 
approach  for  the  measurement  of  the  distribution  of  longshore  trans- 
port. The  longshore  transport  distribution  profile  is  determined 
primarily  by  the  beach  profile,  which  determines  and/or  is  determined  by 
the  surf  conditions.  The  local  longshore  transport  across  the  surf  zone 
is  most  significant  in  areas  of  large-value  wave  energy  dissipation  per 
unit  volume,  strong  longshore  current,  and  steep  bed  slope.  These 
conditions  often  typify  the  swash  zone,  which  can  exhibit  significant 
levels  of  longshore  sediment  transport.  A  model  based  upon  these  three 
parameters  was  proposed  and  is  best  evaluated  across  the  surf  zone — 
including  the  swash  zone — for  the  actual  beach  profile  shape  of 
interest. 


APPENDIX  A 

CONSTRUCTION  OF  PYRAMID-STYLE 
SAND  BAG  UNITS 


Figure  A-l  illustrates  the  technique  developed  for  the  construction 
of  individual  sand  bags  and  pyramid-style  sand,  bag  units  used  in  the 
field  impoundment  experiments.  Pyramid-style  units  consist  of  three 
bags:  (1)  downdrift-side  bottom,  (2)  updrift-side  bottom,  and  (3)  over- 
hanging top.  The  top  bag  should  be  of  30%  smaller  diameter  than  the 
bottom  bags.  All  three  are  of  identical  length.  Details  of  the 
construction  process  follow. 

_Step_l_.  Cut  the  tube  section  of  the  bag  from  filter  cloth 
material;  approximate  sheet  size  is  L+2S  by  ttD+F+2S,  where  L  =  desired 
bag  length,  D  =  desired  tube  diameter,  F  =  flap  width,  and  S  =  seam 
allowance.  Flap  width  should  generally  be  about  one-fifth  of  the  bag 
circumference. 

Step  2.   Fold  B-B'  at  A-A' . 

_Step_3.  Fold  C-C  over  B-B'  to  make  the  flap.  Position  one  end  of 
a  rope  tie  within  fold  B-B'  for  a  downdrift-side  bottom  bag  or  within 
fold  C-C  for  an  updrift-side  bottom  bag.  No  rope  tie  is  needed  at  this 
step  for  a  top  bag.  Stitch  along  3-B'.  Stitch  C-C  to  the  upper 
section  of  the  sheet  formed  by  A-B-B'-A'.  The  end  of  rope  ties  which 
are  to  be  stitched  Into  a  seam  should  be  frayed  in  order  to  facilitate 
stitching. 
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Figure  A-l:   Construction  detail  for  an  individual  sand  bag  unit  for  use 
in  the  pyramid-style  groyne. 
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Step  4.  Cut  out  two  circular  end-pieces  of  diameter  D+2S.  Stitch 
one  end-piece  onto  the  landward  end  of  the  bag.  Include  a  rope  tie  in 
the  seam — with  the  free  end  inside  the  tube — corresponding  in  location 
to  the  rope  tie  sewn  into  the  side  of  the  bag  in  the  previous  step.  For 
the  top  bags,  the  end-piece  rope  ties  should  be  positioned  on  the  under- 
side of  the  bag;  that  is,  opposite  the  flap. 

SteP  5.  Turn  assembly  inside-out.  Stitch  on  remaining  (seaward) 
end-piece  including  one  rope  tie  in  the  seam  as  described  in  Step  4,  but 
with  the  free  end  outside  the  bag.  Slit  across  the  outside  and  inside 
of  the  flap  at  the  landward  end  of  the  bag  as  shown  in  the  figure. 

Step  6.  After  constructing  the  three  component  bags  of  the  pyra- 
mid, stitch  the  two  bottom  bags  together  by  gathering  material  along 
their  sides  to  make  a  seam.  Stitch  the  top  onto  the  bottom  bags  (in  a 
similar  manner)  such  that  the  landward  end  of  the  top  bag  overhangs  the 
bottom  bags  by  one-third  of  the  bag  length.  Material  from  the  flap  sec- 
tions should  not  be  used  to  make  the  seams  between  bags. 

Comments.  The  rope  ties  are  used  to  secure  the  bags  between  two 
shore-perpendicular  ropes — stretched  across  the  beach  through  the  surf 
zone — during  the  filling  operation.  The  rope  ties  should  be  cut  or  re- 
moved after  each  unit  is  filled  in  order  to  facilitate  groyne  removal. 
Sand  bag  units  filled  on  the  foreshore  should  be  placed  upon  large 
filter-cloth  sheets  which  extend  to  the  water  line  in  order  to  minimize 
scour  and  bag-jetting  into  the  bed  during  the  filling  operation. 


APPENDIX  B 

EVALUATION  OF  ELEMENTS 

IN  THE  TIDAL  DECONVOLUTION 

MATRIX,  A 


For  the  purpose  of  tidal  deconvolution  (as  described  in  Chapter  4, 
Section  5),  the  beach  is  considered  as  N  horizontal  layers  of  vertical 
dimension  AzQ.   The  center  of  each  layer  corresponds  to  an  NGVD  eleva- 
tion zQ  .    The  total  transport  function  A(z)  is  discretized  for 
n 

evaluation  at  M  depth  contours.   Each  of  the  M  depth  contours  has  thick- 
ness Az,  with  the  center  described  by  depth  z  . 

Since  the  transport  function  A   is  defined  in  the  center  of  each 

depth  contour  layer  (i.e.,  at  z=z  ),  the  elapsed-time  elements  a    can 

m  n,tn 


be  approximated  as  follows, 


-I'-id 


(z   -  n(t))  -  z  }  6t 


(B.l) 


n,m±l    Az 


(zQ  -  n(t))  - 

n 


6t 


(B.2) 


for 


(zq  -  n(t))  - 


<  Az/2,   and  an   =  0,  otherwise. 


In  Eq.   (B.2),   the  index  increment   (positive  sign)   is  taken 

if  z  -  n(t)  <  z  ;  the   index   decrement   (negative   sign)   is   taken 
o  m 

n 

if  zq  -  n(t)  >  zm.   The  value  St  is  the  elapsed  time  between  sampled 

n 

tide  values.   The  tide  value  n(t)  is  appropriately  taken  as  the  average 
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value  of  the  tide  during  the  interval  6t.   Equations  (B.l)  and  (B.2) 

assign  100%  weighting  of  the  elapsed  time  5t  to  a  depth  contour  layer  z 

m 

if  the  center  of  this  layer  corresponds  exactly  to  the  middle  of  a  beach 

lamina  zQ  .   If  the  center  of  a  beach  lamina  z   corresponds  to,  say, 
n  °n 

the  upper  surface  of  depth  contour  zm+j  and  the  lower  surface  of  z  , 
then  an  ffl  and  an  ^j  are  each  assigned  a  proportionate  weighting  of  the 
elapsed  time  interval  6t  (50%  of  6t  in  this  case).  This  linear  appor- 
tionment within  the  A  matrix  helps  to  lessen  the  severity  of  discontinu- 
ities between  layers  in  a  discretized  model.   (Note  in  Eq.  (B.2)  that 

if  zQ  -  n(t)  <  zm  and  m=M,  or  if  zQ  -  T)(t)  >  z   and  m=l,  then  100% 
n  n 

weighting  of  6t  is  assigned  to  an   .) 


APPENDIX  C 

LEAST-SQUARES  SOLUTION  OF 

THE  OVER-CONSTRAINED  TIDAL 

DECONVOLUTION  TECHNIQUE 


A  unique  solution  of  Eq.  (4.13)  in  the  text  for  the  total  transport 
function  A(z)  is  not  straight-forward  if  the  system  is  over-constrained 

(i.e.,  if  there  exists  more  NGVD  elevations  z   ,   for  which  profile- 

n 
change  data  are  specified  than  depth  contours  z  ).    For  the  over- 
constrained  case,  N  >  M,  Eq.  (4.13)  may  be  solved  using  a  least-squares 
technique  as  described  below. 

Consider  a  beach  profile  change   Ax  at  NGVD  elevation  z   ,  where 


Ax  (z   )  =  Y  a    •  A  (z  )  (C.H 

no      L     n,m    m  m  \^'^> 


as  per  Eq.  (4.11)  in  the  text.   It  is  desired  to  minimize  the  error  e 

between  the  calculated  profile  change,   Ax  (z   ),  and  the  measured 

no" 

profile  change,  Ax  (z   ),   where 


n 


N       ~  2 

e  =  I    (Axn  -  AxJ  (C.2) 


Incorporating  Eq.    (C.l), 


N        M 
e   =H    I   Vm      A   "   A*   )  (C3) 
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The  error  e  will  be  minimized  with  respect  to  the  total  transport 
function  Am(zm)  at  any  particular  depth  contour  m=k, 


9  N  M 

1X7  l    {l   an,m  Am  "AxJ  =  °  (C'4> 

k  n  m 


which  simplifies  to 


M  N  N 

I  A  I  a   •  a  .  =  I  a  ,  •  Ax                        (C.5) 

u  m  L  n,m   n,k   L     n,k    n                       v  *>•->./ 

m  n  n 


Equation  (C.5)  represents  the  k'th  equation  in  a  total  of  M  equations, 
where  k  is  the  index  of  the  particular  transport  value  A  (=K),  for 
which  the  error  is  to  be  minimized.  Equation  (C.5)  is  evaluated  for  k  = 
1,2,  ...  M.   Rewriting  Eq.  (C.5), 

M 

*  Vi'  Am  "  Sk  (C6) 


where 


and 


k,m   L   n,m   n,k  K^»') 


\   =  I   an,k*  Axn  (C8) 


Then  a  solution  for  A(z)  is  found  by 


,-1  - 


A(z)  =  B   s  (C.9) 

If  M=N,  then  Eq.  (C.9)  reduces  to  the  original  solution  expressed  by 
Eq.  (4.14)  in  the  text. 


APPENDIX  D 

LEAST-SQUARES  FIT  TO 

THE  TOTAL  TRANSPORT  FUNCTION 

ALONG  A  DEPTH  CONTOUR 


As  described  by  Eq.  (4.24)  in  the  text,  the  total  transport 
function  A(z)  is  fit  to  an  exponential  function  which  describes  the 
longshore  component  and  a  constant  which  describes  the  cross-shore 
component.   For  a  given  depth  contour  z=-h, 


A  =  Ae   'y'  +  C  (D.l) 

The  error  e  between  the  tidally  deconvolved  values  of  A  and  Eq.  (D.l)  is 
defined  as 


B  =  I    (Ae_Blyil  +  C  -  A  )2  (D.2) 

i  x 


One  attempts  to  minimize  the  error  e  with  respect  to  the  unknown  coef- 
ficients A,  B,  and  C  using  the  I  values  of  A  known  along  y.   That  is, 


!^=2{Ale-2BH  +cIe-BM-lAe-BM}=0  (D.3) 

|f  -  2{Al  y  e"2Bl y'   +  Z\   y  e"Bl  ^  -   \   A  y  e"Bl ^  }  =  0    (D.4) 
fe-  2{A^  e-Blyl  +IC-  I  A  }  =0  (D.5) 
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where  the  index  i  has  been  dropped  for  brevity.   For  notation  purposes, 
express 


0   -  e"BW  (D.6., 

H-e"2BW  (D.6b) 


Using  Eqs.  (D.6a)  and  (D.6b),  and  substituting  Eq.  (D.5)  into  (D.3),  one 
finds 

I  AG-i  J  A  I  G 
A : —  (D.7) 


I  H   -  {  QG) 
Substituting  Eq.    (D.5)   into   (D.4)   yields 
I  7  A  G-il  A  Jy  G 


A  = 


I yH-|l  G  Xy  G 


(D.8) 


Equations  (D.7)  and  (D.8)  represent  a  coupled  pair  which  describe  the 
unknown  A  in  terms  of  the  unknown  B  and  the  known  values  A(y). 
Equations  (D.7)  and  (D.8)  were  solved  by  selecting  values  of  B  by 
numerical  trial  and  error  in  order  that  the  two  equations  converged  upon 
a  single  value  of  A.  Hence,  both  the  values  of  B  and  A  were  found,  and 
the  value  of  C  was  subsequently  found  through  Eqs.  (D.3),  (D.4),  and/or 
(D.5). 


APPENDIX  E 

ESTABLISHING  BED  COORDINATES 
FROM  LABORATORY  PROFILER  DEVICE 


As  described  in  Chapter  6,  Section  3,  the  laboratory  profiler 
apparatus  provided  voltage  drop  signals  corresponding  to  (1)  the 
horizontal  distance  which  the  cart's  tracking  wheel  rolled  along  the  top 
rails,  and  (2)  the  angle  which  the  profiler  arm  made  with  the  cart 
horizontal  as  the  arm's  profiling  wheel  touched  the  bed.  The  reduction 
of  these  voltage  signals  to  beach  profile  (bed)  coordinates  is  described 
below  and  by  Figure  E-l.  The  circuit  diagram  of  the  profiling  system  is 
illustrated  in  Figure  E-2. 

The  maximum  range  of  motion  (plus  a  5%  allowance)  was  established 
for  the  horizontal  tracking  wheel  as  Ax  and  for  the  profiler  arm  as 
A9.  For  these  maximum  mechanical  swings,  the  maximum  voltage  swing  for 
the  corresponding  potentiometers  was  set  to  ±AV  (through  use  of  the 
system's  two-sided  zero-offset  and  amplification  capabilities).  In 
practice,  AV=5  volts,  such  that  the  11-bit  A/D  converter  resolved 
4.883  mV.  The  voltage  levels  corresponding  to  a  reference  horizontal 
location  along  the  rails,  XQ,  and  a  reference  profiler  arm  angle  below 
cart  horizontal,  0Q,  were  established  for  each  profile  run  as  V  and 
VQo,  respectively.  The  position,  xw,  of  the  tracking  wheel  along  the 
rails,  referenced  to  XQ,  is  therefore  given  by 

x   -  (V  -V   )  ~  +  X  (E.l) 

w    v  x    xo-'  AV    o  »B,1J 
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The  angle  6  between  the  profiler  arm  and  the  cart  horizontal  is  given  by 


rv  -v  1  —  +  9 
1  6   6oj  AV    o 


(E.2) 


where  Vx  and  VQ  indicate  the  voltage  drop  signals  from  the  horizontal 
tracking  and  profiler  arm  potentiometers,  respectively. 


-Tracking  Wheel 


Profiler  Arm 
/  Potentiometer 


Vertical  Dotum-' 

Figure  E-l:   Illustrative  sketch  of  profiler  apparatus  geometry. 


As  shown  in  Figure  E-l,  the  tracking  wheel  was  located  a  distance 
x±  landward  of  the  profiler  arm  potentiometer.  The  profiler  arm  was  of 
length  A  and  the  center  of  the  profiler  arm  potentiomenter  was  at 
elevation  h-^    (with  respect  to  a  vertical  datum).   The  coordinates  of  the 
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center  of  the  profiler  wheel  upon  the  bed  are  therefore  given  by  (x,  z), 
where 

x  =  x  +  x,  -  A  cos9 
w    1 

z  =  h  -  A  sin  0  (E.3) 

(It  is  assumed  here  that  the  x-axis  is  positive  seaward  and  the  profiler 
arm  angle  is  positive  counter-clockwise.) 

The  coordinates  of  the  bed  upon  which  the  profiler  wheel  rests  are 
given  by  (x,z),  where 


x  =  x  - 


/,  .   2 
1  +  m 

(E.4) 

r      , 
z  =  z  -  —ZZZZZ  ~   n 

where  m  is  the  local  bed  slope  at  (x, z),  r  is  the  profiler  wheel  radius, 
and  h  is  the  still  (or  reference)  water  level.  In  practice,  the  local 
bed  slope  m  was  evaluated  as  the  average  slope  between  the  wheel 
coordinates  of  the  previous,  present,  and  next  points  along  the  profile 
(i.e.,  (Xi-i^i-i)*  (x^z^,  and  (xi+1>z1+1)  )•  Accordingly,  all  of  the 
profiler  wheel  coordinates,  (x,z),  were  calculated  along  a  profile 
before  the  corresponding  bed  coordinates,  (x,z),  were  calculated. 
Since  both  the  still  (or  reference)  water  level  h  and  the  profiler  arm 
reference  elevation  h±  were  measured  with  respect  to  the  same  datum 
(i.e.,  the  basin  floor),  Eq.  (E.4)  yields  the  bed  elevation  z  with 
respect  to  the  still  (or  reference)  water  level. 
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Figure  E-2:      Circuit   diagram  of   profiler. 


APPENDIX  F 
SWASH  ON  A  PLANAR  BEACH 

This  appendix  presents  a  brief  discussion  of  the  governing  equa- 
tions of  motion,  and  some  considerations  thereof,  for  three-dimensional 
swash  motion  on  a  planar  beach.  Consider  a  planar  foreshore  inclined  at 
angle  6  to  the  horizontal,  as  shown  in  Figure  F-l.  The  coordinate  axis 
?  is  oriented  upslope  with  origin  at  the  still  water  line.  With  respect 
to  the  usual  offshore-directed  horizontal  axis  x, 

X,   =  -x  sec9  (F.l) 

where  the  foreshore  slope  is  described  by  mf=tan9.  Assuming  that  a  free 
water  surface  gradient  dh/d£  exists  up  and  down  the  slope,  but  that  no 
gradients  exist  alongshore,  the  equations  of  motion  for  the  swash  in  the 
upslope  and  alongshore  directions,  respectively,  are 


du      rdh  ,    >, 


dv 


where  h  is  the  water  depth  measured  perpendicular  to  the  slope,  u  and  v 
represent  the  swash  particle  velocities  up  and  along  the  slope,  respec- 
tively,  and  f^  and  f   represent  frictional  terms.  One  might  proceed 
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Figure  F-l:   Geometry  of  swash  upon  an  inclined  plane. 

towards  solution  by  assuming  that  the  frictional  terms  may  be  expressed 
in  a  linearized  fashion  i.e., 


f   =  8u 
f  =  Bv 

y 


(F.4) 


where 


-flul 
h 


(F.5) 


and  where  f  is  a  coefficient  of  friction,  and  | u|  and  h  are  selected  as 
representative  (constant)  values.  Assuming  small  angles  of  bore 
incidence  and  neglecting  set-up,   it  is  convenient  to  allow  |u|=u  , 
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h=Hbs»  and  reasonable  to  assume  u  =/gH  ,  where  H,  is  the  height  of  the 
incident  bore  at  the  shoreline,  and  uQ  is  the  initial  particle  velocity 
upon  uprush.   Accordingly, 


Some  form  of  the  free  surface  slope,  dh/d£,  must  be  assumed  as  a 
function  of  time  and  perhaps  distance  upslope,  ?.  An  assumed  variation 
of  surface  slope  with  upslope  distance  complicates  solution  of  the 
problem  but  simultaneously  introduces  a  water  surface  curvature  which  in 
turn  leads  to  the  prediction  of  a  non-uniform  instantaneous  velocity 
field.  An  assumption  of  planar  instantaneous  surface  slope  leads  to  the 
prediction  of  a  uniform  instantaneous  velocity  field.  Kemp  and  Plinston 
(1974)  suggested  that  the  former  is  more  realistic  for  higher  phase 
difference  swash  while  the  latter  is  more  realistic  for  lower  phase 
difference  (surging)  swash. 

With  an  assumed  form  of  dh/dC  and  the  linearized  friction  terms, 
the  equations  of  motion  are  solved  for  the  velocity  field,  u  and  v, 
subject  to  the  initial  conditions 

u(t=0)  =  u 
o 

v(t=0)  =  V0   +  u  sina  (F*7) 

X.S     o     s 

For  an  instantaneous  planar  swash  surface   (i.e.,   dh/d£=f(t)),   the 
location  of  the  shoreward-most  edge  of  the  swash  up  the  beach  is  given 

by 


,(t)  -fudt 


(F.8) 
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The  instantaneous  local  swash  depth  h,  measured  perpendicular  to  the 
beachface  at  any  upslope  location  £,  is 


h(c,t)  =  U-Vfr  (F.9) 


Combining  the  following  geometric  relations  evident  from  Figure  F-l, 

h  "  \   +   h2  (F.lOa) 

hx  =  n  cos0  (F.lOb) 

v,         ,  0  dh 

h2  =  -  n  sine  —  (F.lOc) 

such  that 

h  =  t\   (cos8  -  sin9  — )  (F.ll) 

the  instantaneous  local  swash  depth  n,  measured  vertically  from  the 
beachface,  is 


cos6  -  sine  -r— 

For  typically  small  beachface  slopes,  such  that  cose=l  and  sine^tane^ , 
Eq.  (F.12)  may  be  written 


(  \   dh 

(x-x  )  — 

"".t>«— Mn"  (F.13) 

1  "mf  d^ 
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This  author  investigated  solutions  of  the  swash  equations,  (F.2) 
and  (F.3),  for  the  swash  surface  slope  given  by 

(i):   f(t)=Aie-yt  (F.14a) 

(11):   f^"^  CF.Ub) 

where  y  and  Aj  are  constants  to  be  determined.  The  former  expression 
yields  closed-form  explicit  solutions  for  the  velocity  field,  swash 
trajectory  and  depth;  but  because  the  surface  slope  is  finite  at  t=0 
(i.e.,  the  arrival  of  the  bore),  it  is  not  possible  to  demand  n(0,0)=Hb 
without  requiring  that  y  <  0.  (This  can  be  easily  shown  by  using 
l'Hospital's  rule  to  evaluate  lim(t>0)  Ti(0,t)  =  Hbg.)  From  Eq.  (F.14a), 
the  condition  y  <  0  implies  that  the  slope  of  the  swash  surface 
relative  to  the  foreshore  increases  with  time,  when  in  fact,  it  is 
generally  observed  to  decrease  with  time  as  the  swash  progresses  up  the 
beachface.  The  latter  expression,  Eq.  (F.14b),  satisfactorily  implies 
infinite  water  surface  slope  at  the  arrival  of  the  bore  but  leads  to  a 
non-closed-form  solution  for  u(t).  Further  study  will  hopefully 
illuminate  more  satisfactory  candidate  expressions  and  solutions  for  the 
swash  equations  presented. 
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